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All-Welded Structural Steel 
Low-Height Flat Car 


By CHARLES SCHENCK? 


in design of flat cars has been toward reduction in 

over-all height, as illustrated in the design of Penn- 
sylvania Railroad car class F30A, in which the sub- 
stitution of a one-piece, cast-steel underframe, for the 
regulation riveted, rolled-steel construction permitted 
a reduction of height, from rail to floor line of car, to 3 ft. 
5!/s in. and a material reduction in light weight. 

As a further contribution to the progressive trend 
in railway car construction, Bethlehem Steel Company 
has developed unique construction of the same basic 
design, in which approximately the same results are 
achieved, through welded fabrication of rolled-steel 
structural members. 

In comparison with the underframe weight of the 
conventional car of rolled steel sections and riveted 
construction its over-all weight is approximately 15 
per cent less and its height from top of rail to top of 
platform is 4'/. in. lower. These advantages were 
made possible through the effective utilization of 


I" THE development of car construction, the trend 


+ Engineer of Development, Bethlehem Steel Company. 


standard production structural sections for the con- 
struction of its component parts such as side and center 
sill girders, bolsters, striking plates, stake and push-pole 
pockets, which when assembled and welded in place, 
resulted, substantially, in a one-piece, rolled-steel under- 
frame. Test results obtained when the structure was 
subjected to loads greatly in excess of its normal re- 
quirement provide sufficient evidence of the practica- 
bility of this type of construction. 

The development work that led to the design and 
subsequent fabrication of this car was predicated upon 
the successful fabrication of, and the satisfactory service 
rendered by, several all-welded, heavy-duty, 70-ton 
plant cars. But what prompted Bethlehem to under- 
take the study of the design that led to the fabrication 
of this type was the demand for a 70-ton, 50-ft. flat 
car with an over-all free under-light-weight height of 
3 ft. 5'/s in. from top of rail to top of platform. This 
height represents the minimum for cars of this type 
owing to the restrictions imposed on the designer by the 
dimensions of the standard draft gear and its fixed height 
above the rail. 


Fig. 1—All-Welded Flat Car Whose Free Under-Light-Weight Say me from Top of Rail to Platform Is 3 Ft. 5'/« In. The Body of This Car Is, Sub- 


stantially, in One Piece, Fabricated by Wel 


ng Standard Production Rolled Steel Structural Members 
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Fig. 2—The Two Center Sills of the 70-Ton Car 
a ee I. on Car Are So Placed, One on the Other, to Show Plan and Side Elevations, Also Cutewsy 
eee the Flange to Receive the Draw Bar and Buffer Stops 
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Fig. — Welded Underframe Structure of the 70-Ton Flat Car as It Appeared 


fore It Was Mounted on the Trucks. Note the Shape of Its Center Sills 


In developing this type of car, in accordance with 
definite and specific requirements, the work involved 
almost complete changes in design of practically every 
component part of the underframe. 

Center and Side Sills—By referring to the accompany- 
ing drawing it will be seen that standard rolled steel 
structural members of sufficient size to meet load re- 
quirements were used for both side and center sill 
girders. The ends were modified, of course, to bring 
about the required reduction in height of these sills 
over the truck bolsters. These four sills are the main 
load-carrying members and they extend the full length 
of the car. The two center sills extend between the 
welded striker plates on each end and take all draw- 
bar and buffing stresses. The two side sills extend 
from end plate to end plate. The center sills had 
their origin in B26 sections weighing 144 lb. per ft.; 
the side sills in B21A section weighing 103 Ib. per ft. 

To meet the requirement for an over-all platform 
height of 3 ft. 5'/s in. both side and center sill girders 
immediately over the bolster, were reduced to 10'/, in. 
in depth, simply by removing sufficient metal from the 
web at the ends of the girder sections. This operation 
involved the flame cutting of a wedge-shaped piece 
from each end of the girder sections for about one-third 
of their length. The ends were then shaped to form 
the characteristic fish-belly type girder before the webs 
were solidly welded. In addition to the saving of 
height obtained this procedure was responsible for a 
considerable saving in weight. 


Fig. 4—Subjecting the my: 70-Ton Welded Underframe 
the Center of the Underframe. 
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Structure to a Load of 240,000 Lb. Distri 
Under This Load the Underframe Showed an Arctual Dellection 
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It will also be noted that the inner flanges of these 
center sills, beyond the bolsters, were cut away to the 
web of the beam and stop pieces were welded to the 
flanges as shown. Through this arrangement the draw 
bar and buffing stresses are received wholly by parent 
metal of the girders. 


Body Bolster—This member is also of welded cop. 
struction throughout, the details of which may be 
observed by referring to the drawing. It is made up 
as a totally inclosed member. Wherever it was necessary 
to prov ide openings through it to accommodate brake 
rigging and air lines, pipe thimbles were inserted and 
welded in place. In this way the bolster is sealed and 
the entrance of corrosive elements is prevented. 


Striking Plates—These rolled-steel fabricated members 
are welded directly to the web and flanges of the center 
sill. 

Stake Pockets—These members are pressed steel 
shapes, welded in place on the side sills. They had 
their origin in the wedge-shaped pieces removed from 
the webs of the sections used for side and center sil] 
girders. 

Push-Pole Pockets—Like the stake pockets they were 
cut from salvaged plate, formed somewhat moon-shaped 
and welded securely to the end plates. 

Bracing—The drawings show that two channel 
members were used to provide diagonal bracing between 
the end sill and the bolster on one end. However, 
owing to space restrictions of the braking mechanism 
the channel member of the opposite end was omitted. 
In its place is provided a wide brake mechanism cover 
plate that is completely welded to the end sill, center 
sill and bolster. 

After these various parts were assembled and securely 
welded in place to form the bare yet completed under- 
frame, as shown in the accompanying illustration, it was 
first weighed and then subjected to severe deflection 
tests under different conditions of load. At approxi- 
mately 27,100 Ib. its weight is about 15 per cent under 
the weight of the conventional rolled-steel riveted 
underframe of the same capacity and dimensions. The 
loading tests provide an indication of the inherent 
strength possessed by these welded structures. 

Of the two tests specified for this welded underframe, 
the first was less severe than the second, but no per- 
manent set was developed in either case. In the first 
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Fig. 5—The Design of This 50-Ton Flat Car Underframe Is Different from That of the 70-Ton Car in That Its Center Sills Are N. 
section. Also, Its Side Sills Were Fabricated from Especially Rolled Channels Having a Slight Bulb Rolled on the Outer Side to 


at the Center 
mulate a Flange 


Fig. 6—Except for Load Carrying Capacities and General Dimensions This Flat Car Has All the Desirable Characteristics of the 70-Ton Car 


test, a load of 160,000 Ib. made up of steel billets piled 


verted into the fish-belly type girders, were welded into 
on crossbearers spaced 6 ft. on each side of the under- 


place without being shaped otherwise. Also, the side 


frame center, caused a deflection of *5/. in., as compared 
to a calculated deflection of */s in. A measured de- 
flection of **/s. in., as compared to a calculated de- 
flection of 1'/s in. resulted from a 240,000-Ib. load being 
placed on crossbearers that were spaced 10 ft. on each 


sills are made from especially rolled channels that have 
a slight bulb rolled on the edge to simulate a flange on 
the outer side. 


Following the design and fabrication of the all-welded 


pilot car, the progress made by Bethlehem in welded 
construction of railroad rolling stock can best be visual- 
ized by the diversity of application of these composite 
welded structures. In addition to 135 railway gondolas, 
each of 70-ton capacity, and equipped with all-welded 
underframes, there are 25 caboose cars similarly 
equipped, as are a number of 40-ton cars used in con- 
veying copper ore. Also, welded body bolsters are 
now being used in a type of car used in carrying cement. 
Because of the satisfactory service that is being rendered 
by these various types it is reasonable to assume that 
welded fabrication of railway rolling equipment has 
passed beyond the development stage. 


at side of the center of the underframe. The method of 
conducting these two tests is shown by means of the 
e, accompanying illustration. With the loads placed as 

shown the deflection is measured at the center of the 
st underframe. 

Since the construction of this 70-ton, 50-ft. pilot car 
which is now in regular service on the Pennsylvania 
Lines, 75 all-welded underframe 50-ton flat cars of a 
modified design were built for the C. & O. Railroad. 
Although they are similar in outward appearance, as 
shown by the illustration, the design differs in that the 
rolled-steel, center-sill girder sections, after being con- 
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Accurate Time Control for Resistance Welding 


THE WELDING JOURNAL 


By R. T. GILLETTE? 


time control was noted was in an accurate inter- 

rupter for seam welding. The first mechanical- 
type interrupters in use made no attempt to make and 
break the current at the zero point of the power wave but 
were driven by an ordinary motor through belt and gears. 
This interrupter gave continuously changing conditions 
because of belt slippage and the wear, burning and 
pitting of contact points from breaking the current with 
the necessary rapidity. It was also difficult to dissipate 
the heat generated by the continual arcing. Some of the 
interrupters of this type were run under water. This 
helped some but caused points to build up on the con- 
tacts which would partially short circuit the interrupter. 
These interrupters were also very noisy because of 
pounding of the contact tips and breaking the circuit 
by drawing out a long arc until it went out with the 
sound of cracking a whip. The upkeep of this device 
became costly due to the necessity of frequent replace- 
ment of the parts. 

An improvement was made in this type of interrupter 
by installing a synchronous motor and gear train to 
drive the mechanical interrupter, this being so timed that 
the circuit was made and broken at or near the zero 
point of the power wave. This was a decided improve- 
ment, as it increased the life of the contact points by 
decreasing the temperature and burning by nearly elimi- 
nating the arcing. 

The device still gave some trouble as it was impossible 
to maintain adjustment to break at the zero point of the 
wave because of the continually changing power factor 
when seam-welding sheet materials with commercial 
tolerances and because of cleaning and mechanical wear 
of tips and other parts. 

It also required extensive changes in gear ratios and 
speeds when a change in welding procedure was required 
such as a different ratio of ‘‘on’’ to ‘‘off’’ time or a change 
in welding speeds. 

The inaccuracies of mechanical interruption were 
particularly harmful when welding stainless steel or other 
metals having either (or both) high resistance or short 
plastic range. The welding of these materials should be 
done with a short time-cycle if their special properties 
are to be retained and distortion from welding heat and 
contraction is to be kept at the minimum. Materials 
of this type are particularly sensitive to inaccuracies in 
timing the power application, or changes in voltage or 
power supply during the welding cycle. 

About the time that these shortcomings of mechanical 
control were becoming acute, Thyratron tube control 
was introduced. These Thyratron controls of several 
different types filled the demand for an accurate time 
control for different welding operations. For seam weld- 
ing, we could get a variation in steps of one cycle in any 
combination of time from one cycle up to 30 cycles or 
more for the ‘‘on’’ time and an equal or different number 
of cycles for the ‘‘off’”’ time. These different ratios of 


oF ene from paper presented before Detroit Section A. W.S., Oct. 24, 


Or: of the first places where the need for accurate 


t Schenectady Works Laboratory, General Electric Company. 


interruption could be repeated accurately as long as they 
were required. Time adjustment over the entire range 
is accomplished by dial adjustment and snap switches, 


This was of particular advantage in welding the types 
of material previously mentioned with narrow plastic 
range or high electrical resistance, such as aluminum 
and stainless steel. 

After the Thyratron control had proved satisfactory 
as an interrupter for seam welding, it was found that it 
could also be used as an accurate timing device for spot 
welding by making slight modifications and adding an 
initiating switch. This gave us an accurate time switch 
for spot welding that could be set for the required num- 
ber of cycles and would always repeat the exact time it 
was set for. Before this switch was available, the speeds 
of spot welding operations were limited by available 
switching devices rather than mechanical limitations. 
At present, the limitations of spot welding speeds are 
mechanical rather than accurate switching. It seems 
that spot welds may be made in the future at speeds of 
somewhere between 1000 and 1800 per minute on material 
of rather light section if some of our present mechanical 
difficulties are overcome. 

In addition to their greater accuracy, tube time- 
control devices have no moving parts that require re- 
placement, and the only adjustments are to change time. 

One of the applications where accurate time-control is 
of particular advantage is in the welding of stainless 
steel where the carbon content is appreciable. In this 
case, short time is essential to prevent carbide precipita- 
tion. Some of the new stainless alloys have the carbon 
content reduced to a point where the danger of carbide 
precipitation is not serious. As an illustration, we shall 
suppose a 3-cycle (or 4/2 of a second) welding time. I! 
our time-control should show an inaccuracy of one cycle 
(*/ of a second) plus or minus, it would mean a change 
in heating effect of 33'/; per cent, or the difference be- 
tween a good weld and a burned weld or no weld at all 

Accurate time-control is also of particular advantage 
in welding aluminum and its alloys, because of theit 
very short plastic range. 

Accurate time-control is also of advantage in reducing 
marking from spot or projection-welding different pats 
to sheet that has to be finished carefully. ve 

Accurate time-control is used on welding machines 10" 
welding vacuum tubes and lamp parts, on metals a! 
alloys such as nickel, dumet, copper, fernico, tungste®, 
molybdenum, silver, gold, platinum, etc. These small 
parts are usually welded by using a constant timing at 
cycle ('/ second) for each weld. 

A job requiring the cross-wire and T welding of 0.020- 
in. and 0.028-in. stainless steel wire of the 15-5 — 
was successfully accomplished on a small spot weit 
equipped with a '/:-cycle tube control. Current a0 
voltage readings were not taken. r 

Some of the applications of accurate time-contr 
the General Electric factories may be of interest. 


The evaporator for domestic refrigerators 1s made fr 
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Fig. 2—Stainless-Steel Header after Welding—for Different Type of Evapo- 
rator for Refrigerator 


18-8 stainless steel 0.025 in. thick of the following 
analysis: 


Carbon— Max. 0.12 
Chromium 17 to 19 
Nickel 7to 9 
Sulphur—Max. 0.03 
Manganese— Max. 0.50 
Silicon—Max. 0.50 
Phosphorus— Max. 0.03 
Iron Balance 


This steel comes from the mill cut to size in the 
annealed condition with a pickled finish. The corruga- 
ons are drawn into the sheets on a 1500-ton hydraulic 
press, then they go to a punch press to pierce and draw 
holes for connections. They are then electrically cleaned, 
washed and rinsed, particular care being used to remove 
all traces of oil, dirt and finger marks. They are then 
annealed in a controlled atmosphere furnace. 

They pass from the furnace to a pickling and cleaning 
operation which prepares them for welding. They came 
‘rom this cleaning operation in a perfectly clean condition. 
Pins inner and outer sheets are then assembled in a 
rs y and about six or eight spot welds made to hold 
the sheets in proper relation to each other. They are 
i conveyed to other spot welders which put in several 
aa places that are inaccessible to seam welder 


fan’, Procedure of welding these evaporators is as 


The machines are running at the rate of 150 welds 
Per minute. 


CONTROLLED RESISTANCE WELDING 7 


Power Supply 60 Cycle 
Current Applied 2 Cycles 
Welding Volts 0.3 
Welding Current 6000 Amps. 
Pressure 400 Pounds 


The assembly is then seam welded around the out- 
side with a vacuum-tight weld on manually fed machines 
of the standard seam welder type at the rate of 72 inches 
per minute with the interrupter operating 2 cycles ‘‘on”’ 
and 2 cycles ‘‘off.”’ 


Welding Volts 0.6 R. M. S. of 2 cycles ‘‘on,”’ 2 cycles ‘‘off”’ 

Current 6300 amperes R. M. S. of 2 cycles ‘‘on,’’ 2 cycles 
“‘off”’ 

Pressure 600 Ib. 


The evaporators are then conveyed to the seam- 
welders for the intermittent seam welds between cor- 
rugations. These machines are modifications of standard 
seam-welders. As there are eight different lengths of 
welds between these corrugations, no attempt was made 
to weld them automatically. Both wheels are notched 
to enable the operator to start close to the header on one 
end. Welds are made part way to the header on the 
other end. After all welds are made from one end, the 
work is turned and welds started from the other end 
and run until it laps the first weld made. This is re- 
peated until all welds are completed from both ends, 
then the cross corrugations are welded in the same way 
on the same machine. With this welding procedure, 
the handling of parts from one machine to another is 
eliminated. If double notched wheels were used and 
an attempt was made to weld the full length of a cor- 
rugation without stopping, a great deal more handling 
time would be required and the responsibility for welding 
quality would be divided among several operators. 

These machines are arranged so that as the air pressure 
builds up to a certain value in the cylinder which applies 
pressure to the welding wheels, another air cylinder 
throws in a clutch which operates a switch to apply the 
power and starts to drive the work between the wheels. 
Welding continues until a foot trip is released. This 
turns off the power, releases the clutch and raises the 


Fig. 3—Flet-Plate Condenser for Flat-Top Refrigerator. Seam-Weld between Cor- 
tugations Are Made by a Double-Wheel-Series-Seam- Welder 


welding wheel. Cables, with weights attached, wound 
around the shafts return the notched wheels to their 
starting positions, when they are ready to repeat their 
cycle. 

The following is the power cycle: 


Welding Speed 105 in. per minute 

Interrupter Operated at 4 cycles ‘“‘on,” 4cycles ‘‘off”’ 

Welding Volts 0.5 R. M. S. 4 cycles ‘‘on,”’ 4 cycles 
“off”’ 


Welding Current 3700 amps. R. M. S. 4 cycles ‘‘on,” 


Welding Pressure 1275 Ib. 


When this job was first started, a continuous seam 
weld was made the same as around the outside, but 
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considerable trouble was experienced due to warping and 
distortion of the sheets. This difficulty was overcome 
by going to the intermittent seam weld. 

With the Thyratron interrupter, the change was very 
quickly made from the continuous weld to the inter- 
mittent weld by a simple dial adjustment on the panel. 

After the welding is completed on this piece, it is 
tested for leaks or faulty welding at 200 lb. per sq. in. 
air pressure, immersed in water. 

The evaporator is then formed up, Fig. 1 (Front Cover), 
and the end of the shelf spot welded to the body. A 
leg is adjusted in a fixture and spot-welded to the body 
for bolting to the cabinet. The copper-tube connections 
are then silver-soldered to the part and a final pickling 
operation cleans it ready for use. 

The spot-welding procedure for the shelf and leg is 
identical with that used for assembly. 

The spot-welding is done with 20-S Elkonite, Mallory 
No. 3 or Trodaloy No. 1 electrodes about '/, inch in 
diameter on the ends. Flat ends are used with corners 


slightly relieved to prevent sharp marks. The seam 
welding is done with Mallory No. 3 wheels. The work 


and wheels are flooded with a generous supply of cold 
water. 

There is also a different type of evaporator which is 
made of the same material with the same welding pro- 
cedure except that it has six studs projection-welded to 
it for bolting to the refrigerator cabinet. These studs 
are °/,, inch in diameter and °/s; inch long, made of the 
same material as the evaporator. The studs are pre- 
pared for welding by turning a two-inch radius or dome 
on one end. The stud is dropped into a hole in the lower 
electrode, the evaporator located above it in a fixture, 
and the weld completed in the regular projection-welding 
manner. Accurate time-control was used on this job 
with a time of 8 cycles on a 50 kva. machine. We have 
no definite figures available on the exact amount of 
current or voltage used. The pressure is around 1000 
pounds. 

There is also an interesting header, shown in Fig. 2, 
which goes with thisevaporator. Itconsists of two hemi- 
spheres seam-welded together. It was necessary, how- 
ever, to build a special machine to weld this header. A 
copper tube attached to it before the two halves are 
welded together makes it impossible to do this welding 
on a standard machine. The bracket is spot welded to 
the body after seam-welding. The welding procedure 
on this job, as far as volts, current, interrupter, speeds, 
pressure, etc., are concerned is identical with the tight 
seam-weld made around the outside of the first evapora- 
tor described. 

In the production of the first evaporator described, 
which has the largest production of any of the evapora- 
tors, approximately 2,000,000 Ib. of 18-8 were used 
during the past year with a maximum production of 
11,000 units per week. There are three sizes of this 
evaporator. The medium size has 90 inches of seam- 
weld, 357 inches of intermittent seam-weld and about 
60 spot-welds. 

The use of accurate time-control on this evaporator 
has cut down the percentage of rejects because of faulty 
welding to less than '/i9 of one per cent. This is based 
on one full year’s production. 

There are roughly 1500 miles per year of seam-weld 
and many millions of spot-welds. Without accurate 
time-control, it is evident that the number of rejects 
would be many times higher. With material approxi- 
mately 40 cents per pound, rejects are expensive. 

We also have many jobs where we use Thyratron 
control on ordinary low-carbon steel. One of these 
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might be of enough interest to warrant a brief descrip- 
tion. 

It is the flat-plate condenser, Fig. 3, used on one of 
the General Electric flat-top domestic refrigerators 
This is made from 0.032 in. common deep-drawing steel, 
The corrugations are drawn in a 1500-ton hydraulic 
press. They are then trimmed in the standard punch 
press after which they are carefully washed and con- 
veyed to a spot-welder for assembly. They are clamped 
in a fixture and about 6 spots applied to tie them to. 


gether. From there, they go to a double-wheel series. 
seam-welder. This machine was developed for this type 
of job. 


The wheels are mounted side by side and connected 
across the transformer. The mounting is an indexing 
device which can be adjusted to the required spacing 
and then moved along to weld two seams at the same 
time. The copper bed-plate is equipped with replaceable 
Elkaloy bars and acts as a short-circuiting member to 
conduct the current between the two wheels. The 
wheels are also of Elkaloy. 

The welding procedure is to set the wheels with the 
proper spacing to weld the two seams along the outside. 
The spacing is then changed and the first and ninth seams 
welded; then indexed, and the second and tenth seams 
welded. This is continued until the 18 inside seams are 
welded. The short ends of the 18 inside welds, where 
the wheels cannot run to the extreme end on account 
of crushing the end headers, are spot-welded and the 
two end-seams are seam-welded on a standard seam- 
welder, the work being fed manually. 

The part is then tested for leaks or faulty welds at 200 
Ib. per sq. in. immersed in water. 

After this, the different brackets are projection-welded 
to the part. 

There are 912 inches of seam-weld on this condenser. 
The welding procedure follows: 


Welding long seams 100 inches per minute wheel travel. 

Two welds in series or 200 inches per minute total. 

Two cycles on, one off. 

Welding volts—0.85 R. M. S. 2 cycles on, 1 cycle off. 

Welding current—13,420 amps. R. M. S. 2 cycles on, 1 cycle off 
Pressure on wheels 1050 Ib. 

For welding two end-seams. 

Wheel travel 100 inches per minute. 

Two cycles on, one cycle off. 

Welding volts—0.085 R. M. S. 2 cycles on, 1 cycle off. 
Welding current—13,420 amps. R. M. S. 2 cycles on, | cycle off 


The figures on the spot-welding are not available. 
Some of these parts are taken periodically and tested 
to destruction hydrostatically. The large evaporator 
failed at 990 Ib. per sq. in., the small evaporator at 
1050 Ib. and the condenser at 1350 Ib. The failures are 
all of the same type, the metal tearing at the side of 
the weld where a sharp bend is made in the sheet, the 
welds remaining intact. 
All the seam-welders in our plant are equipped with 
Thyratron interrupters, as well as all projection and 
spot-welders used for welding alloys and all work where 
minimum distortion or freedom from marking 18 4 
requirement. 
In conclusion, it may be said that accurate time- 
control is playing a very important part in resistance 


welding. However, it must not be considered 4 en 
for all welding ills as we must still have a good st 
source of power with low line-drop. Ma 
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clean and correctly prepared, electrode points, W ee 
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and fixtures must be of the proper materia 
rectly maintained if we ‘are to expect the 
of Thyratron control. 
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ing Machine, Used for Cutting 
Sor my in Metal Blades of Airplane 
Propellers, Designed and Built by Engi- 
neering and Research Corporation 


PROFILES FOR PROPELLERS 


Profiles for Propellers 


By GEORGE M. GILLEN? 


New Propeller Profiler Uses Rigid, 
Welded Steel Base 


UTTING the profiles in metal blades for airplane 
propellers, accurately to 0.002 in., is the work of a 
new propeller profiling machine designed and built 
by Engineering and Research Corporation, 6100 Sligo 
Mill Road, N. E., Washington, D. C. 
Unlike the “Copying lathe” principle commonly used, 
this machine profiles only one side of the blade at a time. 
€ cast-iron master cam or form, which cuts the con- 
‘our of the blade, rotates and is directly geared and 
synchronized with the table holding the blade forging 
which is fed horizontally past the cutter. Each line 
radially on the cutter represents a corresponding element 
ofthe blade. The cutter with the roller of similar profile 
cciprocates fore and aft, oscillating freely about a 
‘tunnion which permits the vertical travel necessary to 
the contour, 
The horizontal feed of the blade is from its tip toa 
oan 18 in. from the hub, where the cutter lifts off and 
Pr Page automatically shuts off. The table is then 
for in: back to starting position by a hand wheel, a new 
the 's inserted and the machine is again started. 
ol € cutter has a peripheral speed of about 5000 feet 
nad minute, and */s in. of metal can be removed with 
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one cut if necessary. The blade of a 10-ft. propeller can 
usually be profiled in one hour, while the accuracy of the 
work (within 0.002 in.) greatly simplifies balancing and 
interchangeability of the blades produced. 

The machine is equipped with a welded steel base, an 
extremely rigid, box-type structure, designed and fabri- 
cated by our company. A special analysis of welding 
quality steel was used, except in the ways, which are 
made of Cromansil steel. Welding was done with 
covered electrodes under insurance welding control. 
The finished base was thoroughly furnace-stress-relieved 
before shipment. The bed is 13 ft. long, 4 ft. 9'/, in. 
wide, 2 ft. 9 in. high, and weighed only 3815 lb. before 
machining. 

Because of the fine finish required on the propeller 
blades, elimination of vibration in the bed was an im- 
portant essential. In solving this particular problem, 
a study was made of the exciting frequencies to be ex- 
pected in the operation of the machine. In this case, 
the only frequency that could be definitely predetermined 
was that occasioned by the number of teeth on the profile 
cutter times the revolutions per second at which the 
cutter operates. All other frequencies such as torsional 
periods in long shafts, cam driven mechanisms and poorly 
cut gear teeth (which incidentally may introduce various 
beat frequencies), could not be predicted. 

When such sources of periodic forces find parts of the 
structure in which the natural period of vibration coin 
cides with their own frequency, resonance is set up that 
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evidences itself as severe chatter, which when present 
renders the machine tool useless for precision work. 

The only predictable sources of vibration on this 
machine—the teeth on the cutter—number 24 and the 
cutter makes 45 revolutions per second, which is rather 
a high frequency. If the flat unsupported areas in the 
bed were known to have a low natural frequency, some 
assurance would be had that these unsupported areas at 
least will not be excited by the operation of the cutter. 
These areas were carefully investigated, making use of 


Propeller Profiler. The Base Is 13 Feet in |. 


4 Feet 9'/: Inches in Width, 2 Feet 9 | remy 
and Weighed 3815 Lb. before Machioies Hie, 
Structure Was | Furnace-Stress-Relieved 


ipment 


flat plate formulae which are admittedly approximate 
but the order of magnitude of the natural frequency oj 
the flat, unsupported plates was figured at about 150 per 
second which is much lower than the exciting frequency 
of 1080 per second. 

This procedure was successful in the case of this 
machine since the quality of work it produces is entirely 
satisfactory in every respect and there is no chattering 
apparent even when the machine is profiling propeller 
blades at maximum speed and capacity. 


Slicing a 13-Story Building 


By J. C. CARTER? 


Huge Building 
Alteration Job Made Practical 
by Use of Oxyacetylene Cutting Flame 


JOB of particular interest to architects and building 
engineers recently took place when, in order to 
widen a street, a 13-story, class A reinforced 

concrete office building was sliced in two by means of 
the oxyacetylene flame, a 5-ft. wide vertical section re- 
moved and the remaining parts of the building pushed 
together and rejoined. 

The unparalleled and tremendous growth of the city 
during the past two decades, both in population and 
economic importance, plus the resultant increase in 
traffic, made it necessary to widen many streets and 
boulevards. The problem was particularly acute in 
the metropolitan district. 

To bring this mammoth task to a successful conclu- 


t Technical Publicity Department, The Linde Air Products Company. 


sion, every city department, the City Council, Board 0! 
Public Works and the Building and Safety Departments 
worked together to establish new and _ permanett 
property lines, so that contemplated improvements 
could be undertaken without fear of having them dis 
turbed in years to come. Many problems in ths 
undertaking taxed the ingenuity of modern engineering 
methods. In particular was that problem of how © 
take care of the office building which extended 0 
beyond the newly established city street property line 
The problem was solved in a unique way. , 

The alterations necessary in connection with this 
building gave the owners a very difficult problem to solve 
The street frontage, which was affected by the widening 
of the street, provided space for three offices om ©°" 
floor, from the second to the thirteenth floors, inclusive, 
also a very modern and splendidly equipped comet 
store. There seemed to be no alternative than t . 
off this end of the building. The obvious result -— 
have been a considerably depreciated office value, 4% 
well as the demolition of the most valuable store ® 
corner Offices. 
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Careful consideration and investigation by the owners 
and the owners’ architects, plus consultation with a 
well-established house-moving company, concluded plans 
for a difficult engineering feat. 


Unique Plan Developed 


The plans outlined and proposed to the owners were 
to cut and remove a 5-ft. section of the building at a 
point about 50 ft. back from the street line, where there 
was a light court, and to shorten the corridor between 
the offices on each side of the court. This would reduce 
the two offices on each floor by the size of the court only. 

Various conferences with engineers and architects 
brought about the unanimous agreement that the house 
mover’s plan was not only practical but safe, and final 
orders were issued to begin the work. 

The house-moving company’s structural engineers 
had to design their work to insure the structural stability 
of the building and to design new sub-footings upon 
which the portion of the building, including its own 
footings, would rest in its new location. 

A few of the more important problems to be worked 
out were: (1) the maintenance of that portion of the 
building moved in a level and plumb position at all 
times; (2) the supporting of the column footings under 
which the moving company excavated 10 ft. below the 
basement floor line; (3) the placing of moving equipment 
under the footings and the construction of reinforced 
concrete mat sub-footings of such dimensions as to 
imsure perfect floor alignment of that portion of the 
building not moved with that of the portion moved. 

The fact that the part moved would be placed on these 
newly constructed sub-footings, which must support 
and maintain this load without risking a possibility of 
any settlement at all, had to be kept in mind constantly. 
: These problems, however, were all satisfactorily solved 

y the engineers. Patented adjustable jacks, steel 
Plates, steel rollers and tracks were provided and de- 


tailed procedures developed for handling and moving 
all of these parts, 


Cutting Flame Makes Job Practical 


In all of this 
One f 


is planning and consultation, there was 
actor which had from the first never been ques- 
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tioned as to feasibility or practicality. This was the 
oxyacetylene cutting by which the steel members of 
the building would be cut to exact dimensions. It was 
on the basis that this work could be done exactly as 
desired that this whole plan was evolved. After all, 
without a practical method of slicing the building steel, 
the whole plan could hardly have been carried out 
satisfactorily. 

With the physical work actually started, it required 
but two and one-half months to place all of the moving 
equipment, cut the building at the two vertical planes 
and remove the section. Actually an 8-ft. 6-in. section 
of the complete building was eliminated from this office 
structure. The extra 3-ft. 6-in. of building removed 
over the required 5-ft. section was necessary in order to 
allow working room to rejoin the parts. 

Twenty-six reinforcing bars */,-in. thick and one 
4'/,-in. angle iron were required to be cut on each of the 
13 floors as well as in the substructure. Several tons 
of railroad iron and tracks were cut to 4-ft. lengths and 
used for blocking the hydraulic jacks which raised and 
rolled the building. All of this cutting work was carried 
out by two operators. Once cut out, and the building 
moved together, all the steel within it was welded to- 
gether again. 


Building Tenants Not Bothered 


It is interesting to note that with the exception of the 
8-ft. 6-in. section removed, and the deep excavations in 
the basement, no portion of the building was disturbed. 
Even the glass enclosing the stores on the first floor 
remained intact. Although the entire building was 
filled to capacity, none of the tenants were in the least 
inconvenienced. In fact, many of them were not aware 
that the building had been cut into two units, and that 
in passing throvgh the corridor tunnels they were 
walking through space, with the top floor 160 ft. above 
the point of excavation in the basement. 

Although the house-moving company was given 164 
days in which to complete the job, the actual work of 
moving the building only required 79 days and it was 
estimated that the reconstruction would require only 
30 days more. Thus was the job finished in a little 
more than one-half the time allotted. 
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STANDARD SINGLE CHANNEL TENSION CONNECTIONS | se 
re] 
of 
Design of ON 
| Ce 
W=Load on Channel. S<Unit Stress per /in. in. Weld. 
L=Length of Weld in inches. wWf/S=L 
Examples: on 
e de W=2/400 S=3000 siz 
Detail Ye’ Th 
5 Chae! W «47300 S*3000 +/6.8°L, =Le* 7-9" fill 
Detai/2,=Lz = 8" nel 
ine 
Weight | Area | Areax/8000 | Weld. dia 
3 4/ 4.49 2/400 Ya 3000 7/4 | 36 rig 
* 50 1.46 26300 Ye 3OO0O 68 | 44 effi 
Trusses 6.0 4.75 3/500 Ye JIO0O0 10.5 S3 | pos 
a 5.4 | 4.56 28/00 Ya 3000 9st | 47 

625 | 482 32800 % 3000 40.9 | 55 
725 | 2/2 38200 Ye 3000 | /2.7 | 64 An 
6.7 | 495 | 35/00 Ya | 3000 | 4/7 | 59 of 
9.0 | 263 47300 Ya 3000 158 | 79 bee 
44.5 | 3.36 60500 Ya 3000 20.2 | /0/ lor 
6 6.2 2.39 43000 443 72 wel 

10.5 3.07 55300 @ 18.4 9.2 
By ANDREW VOGEL‘ 73.0 3.8/ 68600 Ve 3000 22.8 | /14 | je 
15.5 454 8/700 Ya 3000 27.2 | /36 the 

7 9.8 | 285 5/300 Ya 3000 /7-/ | 86 
1225 | 3.58 64400 Ye | 3000 | 275 | 108 
44.75 | 4.32 77800 Ya 3000 259 | /30 ; oth 
77.25 | 90900 Ya 3000 | 152 cen 
/9.75 | 579 | 404200 % 3000 347 | /74 ang 
8 | 3.36 60500 Va 20.2 | 10/ suc 
43.75 | 4.02 72400 3000 24.1 | ity 
/6.25 | 476 85700 Ya 3000 28.6_| /43 tru: 
18.75 | 549 98800 va 3000 329 | /65 | det 
Part | 2425 6.23 | 1/2/00 Ya_| 3000 | 374 | 187 | pa 
Fig. 1 dice 
of | 
BOUT ten years ago, it became apparent that me- advanced that it was possible to prepare tables showing the 
tallic arc welding had reached the point in its de- the amount of welding required to connect angles and dete 
velopment where economy could be shown in the other sections to other members. The first trusses were can 
fabrication of steel frames for buildings and structures. designed using symmetrical sections until it became ap- gen 
Several frames were built with excessive amounts of parent that angles would be more economical than tees the 
welding, with the result that it became necessary to de- or channels. This resulted in developing a method oi whe 
velop methods of design. The first tests made to deter- determining the length of weld required on either side 0! Size 
mine unit stresses did not give much information, as the an unsymmetrical member, such as an angle. pac 
specimens were not suited to the purpose. The speci- It is obvious that, if a member is symmetrical and a nun 
mens had to be increased in size so that the welds would certain amount of fillet welding is required to connect the ang’ 
fail with the stresses in the steel bars within the elastic symmetrical member to another member, equal amounts tabl 
limit, thus enabling one to study the welds alone. As_ or lengths of fillet welds are required on both sides of the to b 
soon as this was done, it developed that the welds were symmetrical member. For a non-symmetrical member, F 
much stronger than originally expected, and unit stresses the capacity of the weld applied on one side of the mem put 
of sufficient magnitude could be used so that welded ber times the distance from the weld to the center 0 sam 
structures would be economical. These preliminary gravity of the member must equal the capacity of the edge 
tests finally resulted in an extensive study, commencing weld applied on the other side of the member times its dis- Beng 
in 1926, consisting of a long series of tests of metal arc tance from the weld to the center of gravity of the mem prin 
welds, which were reported first in the Journal of the ber, if the member is to be theoretically uniformly of tl 
Boston Society of Civil Engineers for February 1928, and stressed. There have been many comments made up" In A 
later in the General Electric Review, for June 1929. In _ this requirement, but it is a requirement equivalent to 4 Vari 
the meantime, a series of structures had been constructed rule which has been in use on riveted construction 10 pene 
some of which were tested in order to determine whether many years, and the many tests we have made on welded welc 
the calculated and measured deflections agreed. The connections indicate that this requirement is sound. F, 
measured deflections agreed so closely with the calcu- It is worth consideration at this point that in welded cral 
lated deflections that we were satisfied that our design construction, the gross area of tension members cat Scho 
methods were satisfactory. used in the calculations as there are no rivet holes to be a 
During 1927 and 1928 methods of design were so well deducted. While the deduction for rivet holes vat a 

* Reprinted through the courtesy of ‘Industry and Welding.” red trifling at first glance, it actually — — and 


t General Electric Co. 


of metal, the full*length of the member times its cr* 
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1936 DESIGN OF WELDED TRUSSES 13 
sectional area. In truss design, this item sometimes frames. The depression made it necessary to close the 
represents as much as 10 per cent of the weight of the school, but some of the problems have been placed in 
structure. The saving in weight resulting from omission such form as to be available for general use. 
of gusset plates sometimes accounts for five per cent of Figure 3 shows the first of a series of five illustrations 
the weight of the truss. of Problem No. 1 in the Course. It is the design of a 

Figure 1 shows “Standard Single Channel Tension welded Pratt truss. In the upper left corner of the 

® Connections.”’ It might also be entitled “‘Method of figure appears a diagram of the truss, showing that the 
Connecting a Member, Symmetrical in Cross Section, to truss is 10 feet in depth and 80 feet in span and that 
Another Member.’”’ As mentioned before, a symmetri- loads are applied at the upper chord panel points. In the 

cal member is connected to another member by applying upper right corner appears the usual stress diagram. 

the same amount of welding or the same capacity of weld Inasmuch as the loads are applied at the panel points 

on both sides of the member. Figure 1 illustrates the and are uniform in amount, the diagram is of the very 
sizes of channels generally used in truss construction. simplest form. Necessarily the first problem had to be 

The size of weld shown is that of the popular */s-inch as simple as possible from an engineering standpoint. 
fillet weld, but experience indicates that on large chan- The tabulation across the figure indicates member, 

S nels, it is sometimes desirable to use '/:-inch or even °/;- stress on each member and whether the stress is compres- 

inch fillet welds. Tests have shown that welds placed sion or tension, the section selected, stress allowed and 

diagonally opposite each other, as indicated in the upper the actual stress. The column entitled “Size, Length 
right corner of the figure, are within five per cent as and Position of Welds’’ was prepared in accordance with 
efficient as welds placed directly op- 


site each other. 
oes 2 entitled “Standard Single STANDARD SINGLE ANGLE CONNECTIONS — 
Angle Connections,”’ shows a tabulation 
of connections frequently used. It has r+ : 
been translated into many languages 2 ae = 
for use in the various countries where | 
welding is used. As mentioned before, 
the amount or capacity of weld on one 
edge of the angle times the distance to 4 
the center of gravity of the angle must W2Load on Angle. S$=Unit Stress per lin in Weld 
equal the capacity of the weld on the of Weld in inches W/S=L 
other edge times its distance to the 
center of gravity of the angle. The W+3/600 S$ =3000 
angle is always placed in the truss in L*h/S=/0.5" 10.5x.285* 7.5" 
such a manner that the center of grav- 
ity of the angle is on the theoretical 
| determines the size of the weld which [Sizeangel | [Weld| S L | 4, 
can be used at the toe of the angle, in- % |2000|295|705| .94|\/6920 |8.5|2.516.0 
dicated in the figure at L;. The size 2 | .6/ |\/.39| Ve | 2500 | 20700 | 8.3|\2.5|5.8 
of the weld which can be placed at 2 | Ye 24480 | 8.2 
the heel of the angle, that is, at In, is .72|178| Ya | 2000 2/420 |10.7\3./| 7.6 
determined by the length of weld which %\2%2| .74 76) | 2500 |.296|.704| 1.47 | 26460 |/0.6) 3./ | 7.5 
3 | 87 |\2/3| % 32040 |/2.8| 3.7) 9./ 
% | 3 | 89 | | 37980 |/2.7| 3.8 \-8.9 
it ecessary, to use a weld of larger 99 |25/| |2500|283|.7/7 |\2.09| 37620 4 2 (70.8 
if size at Le, and the result is a more com- |\249| | 3000 |.289)|.7// |2.48| 44640 | 14.9 | 4.3\10.6 
pactconnection. As mentioned before, 1.04 |\246| % |3000 |.297| 703 |287| 5/660 |/7.2)\ 5./ 
4 wumerous tests have been made of % [4 |286| % [3000 5/480 |/72) 4.9 |/2.3 
angles connected according to this Ye| 4 |284| % |3000)|.290)|.7/0 |\33/ | 59580 |/99 5.8 \/4/ 
ts table, and the results have been found 4 1118 |2.82| % | 3000 | 295 |.705 |3.75|67500 | 225 | 6.7 |/59 
to be very satisfactory. 6x6« 6 |/64 |4.36| % |3000 |.273 |.727|436| 78480 26.2| 7.) 119.1 
Figure 2 encthod ef com- 4a 6 |\4.32| % |3000|.280|.720|575 |/03500 | 345) 9.7 24.8 
puting the le |427| % |3000 7.11 \127980 | 42.7\/2.3 | 304 
the length of welds when the [ax3x% | 4 |2.72| |3000 |.320|.680 |248| 44640 |/4.9 | 48 
of same size fillet welds are used on both %\3 | .78\222| % |3000 |.260)|.740|\2.48| 44640 |149 | 39 | //.0 
he edges of an angle. Another method 4 \1.30 \2.70| % |3000 |.325 |.675 |2.87| 5/660 |/72 | 56 \//6 
is- ‘senerally used is based on the same 3 | .80|220| % |3000 | 267|.733 |2.87 | 51660 |172 | 46 
m- Principle but determines the capacity |/.33 |\2.67| | 3000 |.332 |.668\3.25 | 58500 |19.5 | 65 
ily of the welds on either edge of the angle. 3 | .83\2/7 3000 |.277|.723 |3.25 | 58500 | 54 |/4/ 
on this method weld sizes 5 6/ |3.39 \3000 |.822 |.678|3.05| 54900 |/83| 59 
varied on the sides of the | .86 | 3000 |.246)|.754\3.05| 54900 |/8.3| 45 |/3.8 
— Pending on length rail ble for Ye |3.37| |3000 |.326|.674|353)| 63540 |2/2)| 69 |/43 
gths available for the 88 |\262| Ye | 3000 ).25/ |.749|3.53| 63540 | 2/2) 5.3 |/5.9 
7 Ye\ 5 \166|334| | 72000 | 24.0) 80 |/60 
From about 1930 to 1932 the Gen- .9/ |\2.59| Ya 72000 |24.0| 62\/78 
ed al Electric Company conducted a |6*4* %| 6 |/.94 |406 % \3000 |.323|.677|3.6/ | 64980 |2/.7| 7.0 
be ‘chool for the design of welded struc- %| 4 | .94|306| % |3000 |.235 |.765|3.6/ | 64980 |2/.7| 5/ \/66 
be tures, The course consisted of b 6 \1.99 \4.0/ | % |3000 |.332 | 668\4.75| 85500 | 285) 9.5 | 19.0 
lems on trusses, be 41.99 13.0) | % |3000 |.248|.753|475| 85500 |285| 7/ 
ip framing am and girder $4| 6 |2.03|3.97| Y% |3000 |.338 |.662|4586| /05480 | 35.2)/1.9 233 
and so raming, craneways 4 \1.03 |\297| % |3000 |.258 |.743|586| 105480 |35.2| 9/ |26/ 
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fu 8 Up lO Us l2 U, Us 
a i2 4 
MemBER! STRESS | SECTION Size,LENGTHs& Position oF 
U,- |-120000/8"CB-30*|8.81 | 74| 1380! | 13600 
|+112500/8"CB-24*| 7.06 | — | 18000 | 16000 
|+ | 18000 |17600| §'x63" 6} ' 
|+ | —| 18000 |18100| 45" 4} 
Us-L |+ 72.12 18000 |15100| 3"x23" 53" 
Uz-Ls |+ 712.12 |— | 18000 | 5000} 1" "x2" 
Us- Lp |- | 62| 14832 |13400| §"x25" 
Us-L. |- 37500|254"5.4#|3.12 | 77) 13540 | 12000} 
U,- Lg |- 22500|223* 4, 1*/2.38 |103| 11325 | 9500} $"x2" 2" 
Us-L.5 |- 15000|223* 4,1 *|2.38 11325 | 6300] 2" 
Fig. 3 


Figs. 1 and 2. There is nothing out of the ordinary 
about this problem except that two of the channels re- 
quired welds across the ends, that is, there was insufficient 
room for all of the welding required on the edges of the 
channels. It will be observed, however, that when weld- 
ing is placed across the ends of a channel, that the welds 
are started at the outer corners of the channel and run 
toward the center of the member, as the majority of the 
metal of a channel is concentrated near the outer edges. 

This problem is typical of the trusses of this type fab- 
ricated by welding. In order to confine the solution of 
the problem to the design of the welded connections, 
vertical loads only were considered in order to simplify 
the stress analysis of the truss. The upper chord was 
designed assuming that this compression member will be 
braced in the vertical plane at every panel point by the 
web members of the truss and braced in the horizontal 
plane at alternate panel points by diagonal bracing of 
the building in the plane of the upper chord of the truss. 
These conditions, plus the fact that it is convenient to 
weld on the outer flange faces of an ‘“‘H”’ section, deter- 
mine not only the size of the section, but also its place- 
ment, that is, with the web in the horizontal plane. 
‘““H” column sections, with parallel inside and outside 
flange surfaces, placed with the web in the horizontal 
plane, provide wide, flat surfaces for the convenient at- 
tachment of truss web members. 

The lower chord was designed as a tension member in- 
fluenced in its shape by the section selected for the upper 
chord, because of the necessity of providing the same or 
similar types of connections from truss web members to 
both chords. The lower chord was designed for a maxi- 
mum stress of 18,000 pounds per square inch over the 
gross area of the section as there were no rivet holes to 
deduct. 


The diagonals of a Pratt truss are almost invariably in 
tension and, as in the case of the lower chord, these 
members can be designed for a stress of 18,000 pounds 
per square inch over the gross area of the member. The 
selection of sections may cover a wide range, but it is 
well to consider that the members must be straight when 
they are ready for fabrication. In order that the mem- 
ber may be stiff enough to maintain straightness, the 
member selected should have ribs in two planes perpen- 
dicular to each other. This requirement limits the selec- 
tion of diagonals to angles, channels and tees. Tees 
have been used occasionally, but, on account of the fact 
that they are not available in a wide range and that they 
do not have properties readily obtainable in other sec- 
tions, theix use has been limited. Channels have been 
found to be very satisfactory. Even though the webs 
of the channels may be thin, the welds are placed on the 
outer surfaces of the heels of the channel which make it 
possible to use the standard */;-inch fillet welds, or larger 
when desirable. If it is necessary to weld against the 
web of the channel, as frequently occurs when channels 
are used as struts, the capacity of the weld may not ex- 
ceed the capacity of the web of the channel, or part of 
channel immediately adjacent to the weld. Angles have 
been found to be generally very satisfactory, mainly on 
account of the great variety of leg sizes and thicknesses 
that are always available. It is also necessary to com 
sider the fact that the central panels may have diagonals 
in compression under certain loading conditions, 
which case the members must be designed not only for 
tension, but for the maximum compression obtainable. 

Vertical members of a Pratt truss are generally in com- 
pression. The sections usually employed for vertical 
members are I-beams, H-columns, channels and angles. 
If an I-beam or H-section is narrower than the distance 
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between the flanges of the chord, then it is necessary to 
use fill plates or blocks between the strut and the chord, 
either of sufficient capacity to develop the stress involved, 
or only sufficient to hold the strut in position. In the 
latter case, plates or blocks between the ends of the strut 
and the web of the chord must be of sufficient thickness 
and size to transmit stresses. If tension is involved, 
connecting plates may often be necessary. Pairs of 
channels usually require batten plates, which add to the 
cost, while angles can be selected so that adjoining legs 
overlap, thus forming a large channel section, and the 
overlapping edges can be tack welded together at in- 
tervals of about two feet. 

This detailed discussion of the selection of sections for 
truss members may not appear to be a part of welding 
design, but the other figures will show that welded con- 
nections and types of sections have a very pronounced 
influence on each other with respect to the economical 
construction of the structure. 

Figure 4 illustrates the details of the joint called U), 
that is, the joint in the upper chord at the point of sup- 
port. Three different methods and two modifications of 
developing joint U, are shown. Other methods have 
been used, but the best of the group known to the writer 
are shown in the figure. Detail ‘‘A’”’ illustrates the usual 
form of the joint where a single truss is placed on top of a 
column. In this case, all members are symmetrical with 
respect to truss lines and column center line. The cal- 
culations shown in the upper right corner of the figure are 
therefore relatively simple. The use of two channels as 
tension diagonals, being symmetrical sections, require 
the amount of welding to be divided by four in order to 
obtain the length of an individual weld. Each channel 
has two edges and there are two channels, therefore there 
are four separate welds of equal length. 
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Details ““B’’ and ‘‘C’’ illustrate the use of angles as 
tension diagonal members. Whether the angle is placed 
on the truss in one direction or another makes little dif- 
ference in the calculations, providing the center of gravity 
of the angle is placed on the truss line. The calculations 
are shown at the right center of the figure. The stress 
in the member is divided by 3000 pounds per linear inch 
for a */s-inch fillet weld, times the number of angles which 
in this case is two. This gives us the answer that 12.4 
inches of fillet welds are required for each angle. Twelve 
and four-tenths inches is then multiplied by the distance 
from the center of gravity of the angle to one edge of the 
angle and divided by the width of the leg of the angle 
which lies against the member to which it is connected. 
The answer is that 9.1 inches of */s-inch fillet welds are 
required along the heel of the angle and 3.27 inches along 
the toe of the angle. 

The application of welding is such that it is only pos- 
sible to measure length of welds in terms of about '/, 
inch. In this case, it will be observed that it was decided 
to use */s-inch fillet welds nine inches long along the heel 
of the angle and 3'/, inches long along the toe of the 
angle. The length of the weld at the heel of the angle 
could have been considerably reduced by increasing the 
size of the fillet weld from */; inch to '/, inch. Details 
“D” and “E”’ illustrate conditions when it is necessary 
to place the truss with respect to the column in such 
position that eccentricity occurs. This happens rather 
frequently, but if the stresses in the truss are calculated 
and kept within reasonable limits, no harm will result, 
and sometimes the details of welding are very consider- 
ably simplified. 

Figure 5 illustrates the lower chord joints called L,, Ls, 
L, and Ls. Joint ZL, is a field connection of the lower 
chord to the column. Under vertical loads only, this 
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ioint would carry zero stress. It has been found, how- 
ever, that this chord should be connected quite strongly 
to the column. Inasmuch as the problem indicates no 
stress in member L;, Le, the connection is indicated 
merely as a landing seat with a short field weld connect- 
ing the member to the seat angle. It must be borne in 
mind, however, that in practical design work, this mem- 
ber is apt to carry stress as a result of wind and other 
horizontal loads and therefore the connection should be 
designed accordingly. 

Joint Ly consists of chord, diagonal and vertical mem- 
bers. The connection of the diagonal is designed in 
another figure. The connection of vertical strut U3, Ls, 
to the chord is, however, calculated in detail. The 
stress on this member is 37,500 pounds compression. 
Dividing this force by 3000 pounds, the capacity of one 
linear inch of a */s-inch fillet weld, indicates that 12'/» 
linear inches of */s-inch fillet welds are required. There 
is only available along the edges of the channel 2'/» 
inches for welding. There are four welds or a total 
of 10 inches of welding available in this position. Sub- 
tracting 10 inches from 12'/, inches leaves 2'/s inches 
still to be cared for. This is obtained by applying four 
*/.-inch by l-inch welds at the four corners of the two 
channels where the channels come in contact with the 
flanges of the chord member. 

On Joint Ly, the connection of the diagonal is not de- 
signed in this figure. The vertical strut connection is 
designed, but as this follows the practice in the preceding 
example, it will not be discussed in detail, particularly 
as the edges of the channels provide ample space for 
welding. 

Joint L; is at the center of the truss. Only five linear 
inches of */s-inch fillet welds are required for the two 
channels meeting the chord at this joint. Inasmuch as 
it is not practicable to use much less than a 2-inch weld 
in this particular case, there are indicated four */s-inch 
fillet welds two inches long at this joint. These welds 
could have been reduced to */s; inch by 1'/2 inch as the 
length of this weld is four times the nominal dimension of 
the weld. In view of the tendency to use welding more 
economically, on future problems, it is probable that the 
welds would be indicated as */s inch by 1/2 inch. 

_ Figure 6 illustrates methods of designing lower chord 
joint Lo, using four different types of struts. Detail 
“A” shows the method used if the angles of the diagonals 
are placed with the outstanding leg of the angle above the 
truss line, and an “‘H” strut is used. Calculations for 
welding are only shown for strut U:, Le. The stress in 
this strut is 52,500 pounds compression and, as the ““H”’ 
column strut is so small that the edges are not in contact 
with the chord, it is necessary to use blocks or plates both 
under and on both sides of the strut. Studies of this 
type of connection indicate that the most economical 
method is to use a plate under the end of the strut and 
only use the blocks between the strut and the flanges of 
the chord as parts to hold the strut in position. The 
welds holding the blocks in position, however, may be 
used in the calculations. It will be observed that two 
welds can be used in the calculations, each two inches 


| long, at 3000 pounds per linear inch for */s-inch fillet 


welds. This produces a total capacity of 12,000 pounds, 
which may be subtracted from 52,500 pounds, or leaving 
40,500 pounds to be cared for by the plate under the 
strut. The length of the plate is determined by the pos- 
sibility of the plate shearing through the web of the 
chord, and this calculation indicates that the plate must 
o ona inches long in order to provide 14 linear inches 
web resisting shear at 0.24 inch in thickness by 12,000 
Pe per square inch in shear. The thickness of the 
Plate under the strut is determined from the usual bend- 
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ing formula, which requires the plate to be thick enough 
so that the maximum stress in the plate does not exceed 
18,000 pounds per square inch. The calculations show 
that this plate must be at least 0.4 inch thick, therefore, 
it was specified as '/, inch thick. Small welds are re- 
quired to hold the plate in position. 

Detail “‘B”’ shows a strut consisting of an 8-inch I- 
beam weighing 17 pounds per foot. The size of this 
beam is such that it is necessary to trim the beam so that 
the web of the beam will fit between the flanges of the 
chord. The shape of the strut is such that a butt weld 
may be applied between the ends of the flanges of the 
strut and the edges of the flanges of the chord. On this 
detail, it was found that 2'/, linear inches of welding 
could be applied on both sides of both edges of the web 
of the strut to the inner surfaces of the flanges of the 
chord. The thickness of the web of the strut was such 
that only '/,-inch fillet welds could be used. But these 
four '/,-inch by 2'/.-inch welds had a capacity of 20,000 
pounds and this subtracted from 52,500 left only 32,500 
pounds to be carried by the butt welds in compression. 
Calculating the area of the butt welds, it was found that 
the stress on the butt welds would only be 10,600 pounds 
per square inch, which is very low for butt welding. 

In detail ‘‘C,’’ the same strut is designed using two 4 
by 3 by °/\s-inch angles. In this case, the amount of 
welding at the end of the angle is proportioned so that 
the center of gravity of the welds coincides with the cen- 
ter of gravity of the strut and truss line. In this detail 
the dimension 1.26 inches from the center of gravity of the 
angle to the edge of the angle started the train of calcu- 
lations. In order that the weld across the truss line 
should be symmetrically placed, it is obvious that this 
weld should be only 2'/, inches long. The thickness of 
the angle, */;. inch, determined the size of the weld at the 
toe of the angle, and it was also considered advisable not 
to change the size of fillet weld on the other edges in- 
volved. 

Inasmuch as the distances from the center of gravity of 
the angle to the outer edges of the leg are unequal, it is 
obvious that the length of the welds on these sides must 
vary in inverse proportion. This was done making the 
longest weld the full length of the distance from the edge 
of the flange of the lower chord to the end of the member, 
and by proportion, the other weld became 1'/» inches 
long. The total amount of welding applied in this man- 
ner was 13 inches. The capacity of this welding was 
32,500 pounds and this was subtracted from the stress on 
the member of 52,500 leaving 20,000 pounds to be cared 
for. It was decided to use a small plate or block under 
the end of the member, that is, between the end of the 
member and the web of the chord. This calculation is 
similar to those used before of the same type and there- 
fore will not be repeated. 

Detail ‘‘D’’ shows a detail similar to ‘‘C,’’ with the ex- 
ception that larger angles are used, or the angles may be 
turned 90 degrees, which makes it possible for the angles 
to overlap. If the center of gravity of the welds on the 
angles is to be maintained on the center of gravity of the 
member and the truss line, less welding is available on 
the edges of the angles and therefore more load should be 
carried by the plate between the end of the strut and the 
web of the chord. This is illustrated in the calculation 
of detail ““D.’”’ Wherein on Detail “C” a plate four 


inches long and */, inch thick could be used, on Detail 
“1D,” it was necessary to use a l-inch plate five inches 
long. These calculations have been gone into in some 
detail because they show that various types of connec- 
tions can be used to meet the same problem. 

Figure 7 illustrates joints U2, U;, Us; and Us. There 
are no new principles illustrated in these four details. 
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Where channels are used, as shown on Detail U2, equal 
amounts of welding are placed on either side of the chan- 
nel. Angles are used in details U; and U, and, of course, 
the amount of welding must vary in accordance with the 
rule given before, that is, the capacity of the weld on one 
edge of an angle times the distance to its center of gravity 
must equal the capacity of the weld on the other edge of 
the angle times its distance to the center of gravity. 


Joint U; shows the use of a pair of small channels and 
again the amount of welding on either side is equal. 
The Pratt truss problem can therefore be dismissed with 
the statement that it illustrates certain fundamental 
principles in welding design. It is also well, however, to 
consider the effect of such design on another form o! 
truss, particularly the Warren truss, which will be dis- 
cussed in the next section of this article. 


Alloy Steels for Welded Power Piping 


Higher Temperature and Pressure for Improved Efficiency 


By J. R. DAWSONt 


of steam power plants by designing and construct- 

ing them for operation at higher temperatures and 
pressures has long been recognized in theory. Until 
about six years ago, however, technical consideration 
limited the practical upper temperature value for super- 
heated steam to 750° F. Modern design and materials 
have since raised this value to well over 1000° F., and as 
regards the ability of metallurgists to suggest suitable 
materials and methods of fabrication for further ad- 


* Presented at the Midwest Power Conference, Chicago, April 22nd. 
t Union Carbide and Carbon Research Laboratories, Inc. 


To possibility of improving the thermal efficiency 


vances in temperature and pressure, this also seems ow 
sible. A more careful study of design and mechanicy, 
factors, such as the temperature control of superheate 
steam, is considered to be the chief preiiminary requ" 
ment. 

The largest high-pressure industrial power Pp 
world is said to be one recently built by the For 
Company. It has steam generating units oper 
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tions are operating at similar temperatures in England, 
France, Austria, Germany, Poland, Czecho-Slovakia 
and America, and also on ships, notably on the German 
Steamer Potsdam, whose installation operates at 1320 
ib. pressure and 900° F. The Trenton Channel installa- 
tion and the Delray No. 3 Plant of the Detroit Edison 
Company are pioneer plants in this country which have 
given valuable information regarding materials and 
methods for steam plant construction. The Detroit 
Edison plants have operated several years at a steam tem- 
perature of 1000 to 1100° F., with a thermal efficiency of 
7.9 per cent greater than would have been possible at 
700° F. 


Higher Temperatures Require Special Materials 


The choice of materials that will give safe, efficient and 
lasting service involves a consideration of their strength, 
corrosion resistance and suitability for fabrication. The 
question of maintaining desirable physical and chemical 
properties while under stress at elevated temperatures is 
also important. 

Steam power piping should possess practically all the 
common strength characteristics, such as tensile strength, 
impact strength, fatigue resistance, and, above all, creep 
strength. 


Importance of Creep Strength 


Although there is no general agreement as to the best 
method of determining creep strength, the designers of 
high-temperature pressure apparatus are convinced that 
the matter of creep, or plastic deformation, is important. 
When a piece of steel is stressed, it becomes strained or 
deformed. As long as the stress is within the elastic or 
proportional limit, the strain or deformation is propor- 
tional to the applied stress and apparently independent 
of time. The metal behaves as an elastic body and re- 
sumes its original dimensions when the stress is removed. 
This is the usual behavior of steel at room temperature. 

At elevated temperatures steel loses its elasticity, and 
when stressed becomes subject to plastic instead of elastic 
deformation. Even relatively low stresses will result in 
a deformation that increases with the length of time the 
stress is applied. When the stress is removed the piece 
of steel does not return to its original dimensions but has 
been permanently deformed. This type of deformation 
is now known as “‘creep.”’ 

Although practically every metal is subject to creep at 
elevated temperatures, this is no disadvantage if the rate 
of deformation is sufficiently slow. Thus, if 100 ft. of 
pipe crept a total of 1 in. in ten years, there would be no 
cause for immediate concern. The reverse would be 
true if the creep were an inch a week. The ability of a 
metal to resist creep stresses is therefore important. It 
is designated as limiting creep stress or creep strength, 
and is usually expressed as the maximum stress which 
will cause a plastic flow or permanent deformation not 
exceeding a certain amount in a specified number of hours 
at a definite temperature. Most authorities define 
‘reep strength as the stress which will cause a permanent 
‘longation of not more than 1 per cent in 100,000 hr. at 
rel particular temperature. The permissible creep 


should be correlated with the requirements of a given 
installation, 


Alloy Steels Have Higher Creep Strength 


Pr. ay mild carbon steel decreases in elasticity 
al Awe F. until at above 900° F. it becomes plastic 
sia ~d to continue its deformation under stress. 
satin P oa carbon steels do not have the creep strength 
adi or satisfactory operation at high temperatures 
's necessary to use alloy steels for such applications. 
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Fig. 1—These Curves Show the Creep Strengths of Carbon Steel, of 9 Per Cent 
Chromium Steel and of 18-8 Chromium-Nickel Austenitic Stee! et Temperatures 
between 900° F. and 1200° F. 


While the creep strength characteristics of high- 
temperature pressure equipment are undoubtedly of 
greatest importance, the designer should not overlook 
the importance of corrosion and oxidation resistance, 
both in piping and in valves and other equipment. The 
efficiency, permanence and sometimes even the safety 
of an installation is in a measure dependent on resistance 
to corrosion. 


Corrosion Resistance—External 


The several types of corrosion to which power piping 
and equipment may be exposed are probably best classi- 
fied as external and internal. External corrosion may 
be caused by the effect of hot furnace gases on super- 
heater or boiler tubes, or simply by the atmosphere act- 
ing on the hot metal, especially if steam or vapor is es- 
caping and moisture is present. In this connection con- 
sideration should be given to the pipe hangers. The 
A. S. M. E. Code for Pressure Piping requires that corro- 
sion-resistant metal be used to support piping under con- 
ditions causing excessive corrosion. In plants where 
high-sulphur content oils are used as fuel, another type 
of external corrosion has been observed. The hot com- 
bustion gases passing through economizers are cooled to 
the dew point, and sulphuric acid is condensed. Plain 
carbon steel cannot withstand its attack. 


Corrosion Resistance—Internal 


Internal corrosion of plain carbon steel high-tempera- 
ture power plant equipment is said to be caused not only 
by the dissolved oxygen and other chemicals entrained 
in the boiler water, but also by oxygen and hydrogen pro- 
duced by a slight decomposition of steam occurring at 
the high temperatures. 

Corrosion in the valve parts of steam piping systems is 
apt to cause sticking, and if it reaches the seating sur- 
faces, their smooth contact is destroyed. Some engineers 
believe that steam erosion of these valves cannot take 
place unless a corroded surface is already present. The 
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Fig. 2—These Lae Show the Effect of Columbium in Increasing the Oxidation Resistance of 6 Per Cent Chromium Steels. Left: Original Size of 


Sample before 


; Middle: Plain 6 Per Cent Chromium Steel, Which Lost 10.5 Per Cent in Weight during 600 Hr. at 1380° F.; Right: Columbium- 


Bearing 6 Per Cent Chromium Steel Showing No Loss after Similar Treatment 


loosely adherent rust particles can then be carried away 
by the steam. These particles or scale from the piping 
may cause pitting and indentation of the seating sur- 
faces, and thus contribute to ‘“‘wire drawing’’ and abra- 
sion. In so far as corrosion is responsible, this may usu- 
ally be prevented by the proper choice of valve and pipe 
materials. 


Heat Resistance of Alloy Steels 


The various desirable strength characteristics of the 
materials used, their corrosion resistance and their struc- 
tural composition should all be such that they will not 
deteriorate under operating conditions. Their ten- 
dency toward warpage, growth, grain enlargement and 
embrittlement should be minimum. In other words, 
they should be heat-resistant. 

The relative importance of the requirements just de- 
scribed cannot be evaluated in general. For some in- 
stallations a comparatively low cost steel with good fab- 
ricating properties might be chosen even though its high- 
temperature strength were only nominal, while in another 
installation the steel with the greatest strength or resis- 
tance to oxidation, as the case may be, might be the proper 
choice even though its cost were several times as great. 
As the operating temperatures approach and exceed 
900° F., the carbon steels become less satisfactory and the 
service requirements can be met only by carefully chosen 
alloy steels. 


Fabrication by Welding Necessary 

Alloy steels because of their excellent physical proper- 
ties and corrosion resistance at high temperatures and 
pressures, are essential to the improved thermal efficiency 
that seems attainable only under these severe conditions. 
Without these metals, the way to successful operation 
above 900° F. would appear very dark. Even with 
alloy steels, the way would scarcely be much brighter 
were not a satisfactory method of fabrication available. 

Economy, safety, strength, permanence and the fact 
that steam piping must often be concentrated in a very 
limited space are factors that must be considered in 
choosing a method of fabrication. This all boils down 
to deciding whether flanged, screw or welded joints 
should be used. Experience, so much as is available in 
this field, indicates that the welded joint is most satis- 
factory for high-temperature pressure installations. 


Superior Economy of Welding 


The superior economy of welding over other methods 
of piping fabrication is widely recognized in other fields. 
When a welded installation is specified, the simplified 


labor in the drafting room, easier ordering of parts, 
avoidance of delays, elimination of waste, facilitated 
field installation and reduced maintenance costs are, 
considered as a whole, ample evidence of the economy of 
the welded piping system. As these points have been 
amplified in other papers and apply equally to piping for 
almost every use, only those factors will be discussed 
further that are especially pertinent to power installa- 
tions. 

Simplified insulation is one of these. With a large 
high-temperature piping system a great deal of heat can 
be saved by thoroughly insulating the pipe, but this 
economy measure is more difficult and expensive and 
less satisfactory when flanges are present. Many engi- 
neers now believe that all flanges should be replaced by 
welded construction. Others would be inclined to agree 
if all the apparatus to be connected were especially fab- 
ricated for welding. 

Designers of power plants are interested in concen- 
trating much of the piping in a very limited space. As 
mechanical joints are relatively bulky, and welded con- 
nections are much more compact, the latter are especially 
desirable; furthermore, their smoothness facilitates the 
transmission of the various fluids, especially those trans- 
mitted at high velocity. 

For the greatest efficiency in a power installation em- 
ploying steam at high pressures and temperatures the 
plant should operate without leakage. If the piping 
system is mechanically joined, it is scarcely possible to 
prevent leakage except for a brief period; for gaskets 
deteriorate, flange bolts stretch at high temperatures and 
screw fittings are seldom as trustworthy as the welded 
joint. 

The factors making the welded joint especially e° 
nomical in high temperature installations may be sult 
marized as easy insulation, compactness of design and 
freedom from leaks. The other economies inherent ® 
all welded installations are of course retained. 


Superior Safety of Welded Installation 


As high temperatures and pressures make welding 
especially desirable from the standpoint of economy, the 
same is true in regard to safety. It cannot be too greatly 
emphasized that sound, trustworthy joints are essential 
to safety. Steam at 1000° is so hot that it scorches ca 
vas insulation jackets and clothing. Leaks in flanges 
are invisible and must be detected by means o! rags he 
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Fig. 3—These Oil-Quenched Tensile-Test Specimens Illus‘rate the Effect of Colum- 

bium in Preventing Air-Hardening in Plain 6 Per Cent Chromium Steels. Tre 

Samples on the Left, Which Do Not Contain Columbium, Have Sharp, Abru 

Fractures Denoting Brittleness. The Cclumbium-Bearing Specimens on the Rig 
Are More Ductile and Therefore, More Suitable for Welding 


has indicated that welding appears to offer the greatest 
possibilities. 


Welded Piping for Pressure Resistance 


It isa truism that the most successful joint is no joint 
at all. The welded connection most nearly approaches 
this desirable condition. Much has already been said 
about selecting piping with adequate strength at high 
temperatures. If the piping is satisfactory from the 
standpoint of the material used, the weld will also be 
satisfactory if properly made. Bursting pressure tests 
have repeatedly demonstrated that a good weld can stand 
any pressure that the pipe itself can resist. 

While steam power plants rarely use pressures exceed- 
ing 2000 or 3000 Ib. per sq. in.—in most cases they are 
considerably less—at least one well-known industrial 
concern in this country has been using welded joints at 
pressures up to 15,000 Ib. per sq. in., and has found them 
most satisfactory. Oxyacetylene welded joints in spe- 
cial thick walled tubing are in daily use and after an- 
nealing are tested hydrostatically at 35,000 Ib. per sq. in. 


Valves Should Be Welded 


Tests have shown the belief to be unfounded that 
valves should be provided with flanges so that the former 
can be installed without being subjected to the heat of 
welding. Asa matter of fact, valves should be provided 
without flanges; for the increase in temperature under- 
gone by the valve during welding has been shown to have 
no deleterious effect. Steel gate valves have been welded 
to a line, removed with a cutting biowpipe, rescarfed 
and again inserted by welding. This has been done re- 
Peatedly to the same valve without inducing leaks or 
undue distortion. No heat-protection for the valve is 
ae) and, except that the weld should be cooled 
a are no special welding precautions. Ac- 
tof Ingiy, even with valve installations there is no need 

orego the advantages of welding. 
wall should become necessary to remove a welded 
a a other member for inspection, the part can be 
welded with an oxyacetylene blowpipe. However, most 
€d installations require a minimum of maintenance. 


Planning for Welding 


Several important points are now clear. The first 
point is that higher thermal efficiency in power plants re- 
quires higher temperatures and pressures. The second 
point is that these higher temperatures and pressures de- 
mand the use of alloy materials and fabrication by weld- 
ing. It now becomes obvious that if an alloy steel power 
installation is to be fabricated by welding, the choice of 
materials, design and type of fittings must conform with 
this intention. The welding procedure should be 
adapted to the material and design. 

For example, certain alloy steels are apparently well 
suited for use at high temperatures and pressures, but 
their composition must be modified for welding if they 
are to retain their fine grain size, their ductility, or their 
corrosion resistance. With certain types of chromium- 
containing steels, the inclusion in the analysis of nitrogen 
or of columbium, or the reduction of the carbon content 
may be all that is required. 

In regard to design, such factors as suitable provision 
for expansion, adequate anchorage for pipes and the use 
of gradual curves, are often fully as important to the 
success of a welded installation as the welding rod itself. 
Valves should be designed for welding. 

Adapting the welding procedure to the design and ma- 
terial involves such considerations as manipulative tech- 
niques, choice of welding rod, stress relieving, blowpipe 
annealing, care in cooling and general procedure con- 
trol. Some of these can only be mentioned here be- 
cause the field is too wide for a comprehensive discussion. 

The point to be emphasized is that alloy steels capable 
of being welded are available for high-temperature pres- 
sure installations. It is said that the use of still higher 
temperature and pressure are awaiting the solution of 
certain mechanical difficulties, such as the control of the 
temperature of the steam leaving the superheaters and 
reheaters, and that the necessary alloys have already 
been devised. 


Wide Variety of Suitable Alloys 


Many alloy steels have exhibited splendid character- 
istics during thousands of hours of power-plant service 
under extremely severe conditions. Some of these 
steels have been approved by the various committees of 


Fig. 4—The 25 Per Cent Chromium Specimen Labeled CCC Has Large Grain Struc- 

ture Such as Might Develop on Welding When No Nitrogen Is Present in the Steel. 

To the Right Is a Tensile Specimen of the Same Material Whose Ductility Was 

Found to Nil. The Specimens Below Have the Same Composition Except Thet 

0.25 Per Cent Nitrogen Has Been Added. The Grain Is Fine and the Elongation 
in 2 In. ts 34 Per Cent 
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the national engineering societies and other bodies regu- 
lating the use of materials in pressure vessels, tentative 
specifications have been drawn for others, and a number 
of the newer improved alloys give every promise of being 
even more suitable. It seems desirable to indicate, in a 
general way, in what manner and to what extent the nec- 
essary physical and chemical properties of steels have 
been improved by the various alloying elements. 

The alloys found most useful in steel suitable for high- 
temperature, high-pressure steam equipment are chro- 
mium, molybdenum, tungsten, nickel, vanadium, man- 
ganese and silicon. Experimental work with columbium, 
titanium and nitrogen indicates that chromium steels 
containing these elements will find extensive use in high- 
temperature, high-pressure equipment. 

Each of these elements exerts very definite influences 
on the steel to which it is added, but the effect of each is 
modified by the presence of other elements and by the 
amount of carbon. It thus becomes of the greatest im- 
portance to obtain a proper relation between the amounts 
of the alloying elements in order to secure the best re- 
sults. Alloy steels in which the proportions of the vari- 
ous elements have been chosen so as to give the best 
possible combination of the required physical and chemi- 
cal properties are sometimes called balanced alloy steels. 
Frequently one type of balanced steel can be further 
benefited by the use of one or more additional elements. 
This is, at least in part, an explanation of why some of 
the more or less complex alloy steels have been developed. 


Properties of Low-Chromium Steels 


Practically all steels designed to be used at high tem- 
peratures contain chromium. The general effect of 
chromium is to increase strength, hardness, oxidation 
and corrosion resistance, and creep strength. Even in 
amounts less than | per cent, chromium tends definitely 
to improve oxidation resistance and creep strength. 
Balanced with manganese and silicon its ultimate 
strength and creep strength are both good in contrast to 
plain carbon steel. Steels containing 0.4 to 0.6 per cent 
chromium, 1.1 to 1.4 per cent manganese and 0.6 to 0.9 
per cent silicon, have a creep strength approximately 50 
per cent higher than that of carbon steel at a tempera- 
ture of 1000° F. The use of vanadium, molybdenum or 
nickel also improves the creep strength of low chromium 
steels. A 0.62 per cent chromium steel with 0.95 per 
cent manganese, 0.20 per cent silicon and 0.20 per cent 
molybdenum also has a good creep strength at moder- 
ately high temperatures. 

Turbine parts giving good service at high tempera- 
tures contain the following alloy percentages: 0.30 car- 
bon, 3.1 nickel, 0.35 chromium and 0.35 molybdenum. 
Exceptions are parts which must be especially resistant 
to erosion such as the 14 per cent chromium nozzle sec- 
tions and the high nickel-chromium first wheel blading. 

A number of molybdenum-containing steels have been 
used at moderately high temperatures on account of 
their high creep strength; but unless chromium is pres- 
ent, they have no special corrosion-resistant properties. 

One plant finding it desirable to use chromium- 
molybdenum and chromium-nickel tubing in radiant 
superheaters and reheaters operates at temperatures as 
low as 800 to 830° F. In this case there are several 
thousand square feet of projected tube area, and it 
would not be good policy to use plain carbon steel and 
risk losing it through long-time corrosion. As the pres- 
sure is 1230 Ib. per sq. in., strength is also a factor. 


Properties of Higher-Chromium Steels 


For higher temperatures, creep and corrosion consid- 
erations demand greater percentages of chromium. A 


1 to 1.5 per cent chromium steel with about 0.5 per cent 
molybdenum and 1 per cent silicon compares in creep 
strength with the well-known high alloy 18 per cent chro. 
mium, 8 per cent nickel steel at 1000° F.; but its oxida. 
tion resistance is not particularly high. 

Probably no relatively low-alloy steel can be more 
highly recommended for general use in high-temperature 
steam applications than a 4 to 6 per cent chromium stee! 
containing molybdenum or tungsten. Having been used 
successfully in the oil-cracking industry, this steel should 
prove excellent for superheater tubes. Its creep strength 
is approximately double that of plain carbon steel at a 
temperature of 1000° F., and its resistance to scaling 
and corrosion is much greater than that of plain carbon 
steel at temperatures up to at least 1200° F. 

A valve body made of this alloy with 1 per cent tung. 
sten showed no embrittlement after 13,000-hr. service 
in a 1000-deg. plant. The addition of titanium or co- 
lumbium to this metal will no doubt greatly increase its 
field of usefulness, because it entirely eliminates the air- 
hardening characteristics of this steel, and at the same 
time improves its resistance to corrosion. 

Intermediate between the 18-8 chromium-nickel steel 
and the 5 per cent chromium steel, in regard to oxidation 
and corrosion resistance and creep strength, a 9 per cent 
chromium steel containing 1.25 to 1.75 per cent molyb- 
denum has recently been announced as suitable for 
service temperatures up to 1250° F. Seamless tubes 
of this metal are now in service in many oil refineries, 
and should be suitable for superheater tubes in steam 
boilers. 

The 17 to 20 per cent chromium and 7 to 10 per cent 
nickel low carbon austenitic steels probably have the best 
combination of properties now available in commercial 
steels for the several high-pressure, high-temperature 
service conditions. Columbium or titanium is added 
to prevent embrittlement and corrosive action at tem- 
peratures up to 1500° F. Tungsten and silicon give it a 
very high creep strength, and its corrosion and oxida- 
tion resistance is such that it will resist scaling indefinitely 
at a temperature as high as 1700° F. Although piping 
made of this type of steel has given entirely satisfactory 
service in high-pressure applications at 1100° F., still the 
5 and perhaps the 9 per cent chromium alloys will prob- 
ably be more generally used for some time to come on 
account of their relatively low cost. 

Steels containing 20 to 30 per cent chromium can be 
depended upon to give long service under oxidizing con- 
ditions at temperatures up to at least 2000° F. A 
brittleness due to coarse grain structure, which some of 
these steels exhibit in welds and in the adjacent metal, 1s 
not necessarily a disadvantage; for the ductility 1s t 
stored at operating temperatures. It has been found that 
nitrogen is effective in refining the grain and improvitg 
the physical properties of these steels. 


Metallurgical Considerations in Welding 


In regard to fabricating these metals, the advantages 
of the welded joint have already been discussed. Ox) 
acetylene welding is particularly adapted to power plant 
installations because of the facility with which the work 
is done in close quarters. Superheater tubes have been 
fusion welded for many years, and welded boiler drums 
are becoming more generally used and should result 10 
lowering the unit cost of the steam generating plant. 
The retention of ductility made possible by the addition 
of columbium should result in the extensive use of 4 © 
6 per cent chromium steels in welded-end valves and - 
in tubing. While welding procedures have been worke 
out for practically all of the metals mentioned, it W° , 
be an imposing task to describe each of them in det? 
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Steel makers and the manufacturers of welding equip- 
ment should be consulted in special cases. 

It might therefore be well to conclude merely with a 
brief mention of some of the metallurgical considera- 
tions involved in welding these metals. Inasmuch as 
low chromium steels of the Cromansil type have a slight 
tendency to lose their ductility when too rapidly heated 
and cooled, the oxyacetylene backhand welding method 
is recommended because of the more gradual heating and 
the fact that the backward streaming gases retard the 
cooling. For welding pipe walls less than '/, in. thick, a 
plain steel welding rod often can be used as it will re- 
ceive a sufficient quantity of alloys from the melted base 
metal. For more severe service, it is frequently advis- 
able to choose the 18 per cent chromium, 8 per cent 
nickel steel welding rods. 

In welding the 1 per cent chromium steels the same 
general considerations apply as in welding the 5 per cent 
or the 9 per cent alloys. The main consideration is a 
tendency toward brittleness in the weld metal exhibited 
in the higher carbon steels. This can be alleviated by 
annealing for about 3 min. at 1200 to 1400° F. The 
oxyacetylene process is especially advantageous for this 
work because, if carefully done, the flame can be used for 
applying the annealing heat. Columbium or titanium 
used in the steel preserves the ductility and eliminates 
the need for subsequent annealing. 

Columbium is also the key metal in the successful 


Multiple Arc Welding Sets 


By C. J. HOLSLAG* 


HE rapid growth of arc welding makes it un- 
‘Tesonontcal to use single operator machines for 

general use. This is no more economical than it 
would be to operate a number of air guns by using a 
single compressor for each machine. A generating unit 
for each house-lighting plant is not economical in spite 
of the fact that lighting and power companies pay 
dividends. 

Some recent pictures that I have seen show a battery 
of single operator machines that interfere seriously with 
available floor space for manufacturing and are also a 
source of danger because of the multiple 220 or 440 volt 
leads leading to each machine. 

_In D.C. there was greater efficiency and better regula- 
tion with the single operator machines. On the other 
hand, the multiple A.C. system in which a ring circuit 
's made around the shop walls and reactor controls taken 
from the line, is more efficient than even the single 
operator, but the line drop interference causes compli- 
cations. Quite recently there has been made available 
through Separate transformer reactor control, indepen- 
dent regulation of current and voltage from the A.C. 
multiple or ring system. Each operator can regulate 


ton 
Chief Engineer, Electric Arc Cutting & Welding Co. 
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welding of the 18 per cent chromium, 8 per cent nickel 
type of austenitic steels. Previous to the use of colum- 
bium in the welding rod and of columbium or titanium 
in the base metal, the regions adjacent to the weld were 
sometimes observed to have lost some of their resistance 
to corrosion. Annealing at about 1800° F. was found to 
restore this resistance, but this is not always practicable 
in the field. Various expedients, such as rapidly cooling 
the weld and reducing the carbon content of the steel, 
have been found helpful; but none are so satisfactory as 
the use of columbium. 


Summary 


Experience both with piping in general and with power 
piping has shown that strength, dependability and low 
costs of installation and maintenance all favor welding 
as a means of joining. For the very high-temperature, 
high-pressure service, welding gives the additional ad- 
vantages of easier and more effective insulation, a more 
compact arrangement of the pipes and avoidance of 
trouble with leakage. 


The various steels used in pipes for superheated steam 
can be welded successfully. Furthermore, the modifica- 
tions of composition that are desirable for high creep 
strength, resistance to corrosion and ability to stand up 
for long periods are usually in agreement with those 
needed to give best results in welding. 


his voltage and current independent of the others and 
can compensate for line drop. 


Early History of the A.C. System in America 


We think it appropriate in connection with this article 
to quote below extracts from an article on the above 
subject written by C. C. Chesney and Chas. F. Scott, 
which appeared in the March 1936 issue of ‘Electrical 
Engineering.’’ These extracts are: 


“Significance of Alternating Current 


The outstanding place which electric power occupies 
in our modern life has been attained through the use of 
alternating current. Hence the celebration of the 
fiftieth anniversary of its introduction in America re- 
counts more than an episode in engineering develop- 
ment—it points to the beginning of a utilization of elec- 
tric service which marks a new era in our industrial, 
economic and social life. 

‘However, the early advocates of the alternating cur- 
rent system had much opposition. Technical problems 
were many and obscure. Opposition from the scientific 
and engineering world ranged from incredulity to the 
most vicious and vigorous condemnation by the ex- 
ponents of the direct current system then in use. 

“The 2 most distinguished electrical engineers of 
Europe and America at that time, Sir William Thomson 
and Thomas A. Edison, were outspoken in condemnation 
of the alternating current system.” 
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(Continued from page 5) ; 
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Electric Welding, Arc. How Does a Welding Electrode Fuse? 
J. Sack. Philips Tech. Rev. (Jan. 1936), vol. 1, no. 1, pp. 26-29. 
Series of moving picture films shown of welding arc and analysis 
given. 
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no. 3, pp. 30-31. 
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and Application, L. H. Frost. Welding Engr. (Apr. 1936), vol. 21, 
no. 4, p. 34. 

Iron and Steel. New Method for Welding Together Ferrous 
Metals by Application of Heat and Pressure, L. C. Grimshaw. 
Engineering (Apr. 3, 1936), vol. 141, no. 3664, pp. 383-386. 

Oil Field Equipment. Building Oil-Well Drilling Equipment 
by Use of Are Welding, C. M. Taylor. Machy. (N. Y.), vol. 42, 
no. 9 (May 1936), pp. 582—585. 

Oxyacetylene Cutting—Modern Pattern Maker, J. Murray. 
Industry & Welding, 2nd quarter, 1935, pp. 52-54. Used by 
Heltzel Steel Form Co., Warren, Ohio, in cutting wide variety of 
shapes, including glass, requiring no machining. 
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1936, 15 pp. 

Petroleum Refineries. 154-Ton High-Pressure Refinery Unit 
Welded in 34 Days, E. H. Peters. Welding Engr. (Apr. 1936), 
vol. 21, no. 4, pp. 23-24. 


Pressure Vessels. High Heats, High Pressures, High Satis. 
faction, E. W. Forker. Industry & Welding, Ist quarter, 1936, pp. 
13-16. 

Rail Motor Cars, Diesel. Light-Weight, Stream-Lined Trajy 
Employs Many Arc-Welded Details. Welding Engr. (Apr. 1936), 
vol. 21, no. 4, pp. 36-37. 

Shipbuilding. Electric Welding in Cruiser Construction, C. p. 
Sherwin. Shipbldr. & Mar. Engine-Bldr., vol. 43, no. 316 (Annual 
Int. No.), Apr. 1936, pp. 248-251; see also Shipbldg. & Shipg 
Rec. (Apr. 16, 1936), vol. 47, no. 16, pp. 488-490. 

Shipbuilding. Electric Welding in Cruiser Construction, C. F 
Sherwin. Instn. Naval Architects—Paper no. 13, mtg. Apr. 3, 
1936, 15 pp. Account of experience gained and of welding methods 
adopted at dockyard during building of cruiser with large amount 
of welded structure. 

Steel Castings. Fabrication of Cast and Rolled Steel, J. M 
Sampson. Am. Foundrymen’s Assn.—Trans. (Apr. 1936), vol. 7, 
no. 2, pp. 351-368. 

Structural Steel. Design of Welded Trusses—I and IT, A. Vogel 
Industry & Welding, 3rd quarter, 1935, pp. 126-132 and 4th 
quarter, pp. 184-188. 


PAMPHLET 


A very attractive pamphlet on Fabrication and Treatment of 
U. S. S. Stainless & Heat Resisting Steels has been published by 
Peter A. Frasse & Co., Inc., 17 Grand Street, New York City. [i 
contains references to the welding of these steels. 


BOOKS 


Practical Ideas on Oxyacetylene Welding, followed by 15 
Practical Questions and Problems, with foreword by R. Granjon, 
128 pages. Published by Office Central de 1l’Acetylene et de la 
Soudure Autogene, 32 Blvd. de la Chapelle, Paris, 18. Price 6 Fr. 
This is a good reference handbook for the gas welder and cutter 
It contains descriptions supplemented with diagrams of gas weld- 
ing equipment and methods including a 6-page table of gas con- 
sumption for forehand, two-run and other methods; necessarily 
the treatment is brief. 

The Fassler Welding Machine Company of Detroit, Mich., 
have issued a new booklet covering their Spot, Projection, Flash, 
Butt and Seam Welders. Available upon request. 

Specification Documents for Building Materials and Construc- 
tion. Classified and arranged by David H. Merrill, Assoc. Mem 
Am. Soc. C. E., and Theodore C. Combs, Assoc. Mem. Am. Soc 
C. E. 522 pages, cloth, $5.00, fabricoid leather, $7.50. Published 
for the Pacific Coast Building Officials Conference by R. C. Colling 
and Associates, Los Angeles. 


WELDING SOCIETY ACTIVITIES 
AND RELATED EVENTS 


TENTATIVE PROGRAM 


SEVENTEENTH ANNUAL MEETING 
OF THE 
AMERICAN WELDING SOCIETY 


OCTOBER 19-23, 1936 
CLEVELAND, OHIO 


Headquarters for Technical Sessions and Committee Meet- 


ings—Hotel Cleveland 
Exposition—Cleveland Public Auditorium 
Monday, October 19th 


Morning 


9:45 A.M. Ball Room—Business Session. 
President J. J. Crowe, presiding 
Report on Society Activities by President Crowe. 
Teller’s Report on Election of Officers. 
Award of Samuel Wylie Miller Memorial Medal. 


Review of Committee and Section Activities by 
Chairmen. 
Discussion. 


Afternoon 
2:00 P.M. Ball Room—Technical Session. 

A. E. Gibson, Chairman, The Wellman Engineering 
Company. 

E. Vom Steeg, Vice-Chairman, General Electric Com- 
pany. 

Welcome address by local official. 4 

“Fundamentals of Metallurgy of Welding,” by E. > 
Davenport and Dr. R. H. Aborn, United States 
Steel Corporation. 

‘Multi-Layer Oxyacetylene Pipe Welding,” Y 
R. M. Rooke, F. C. Saacke and A. N. Kugler 
Air Reduction Sales Company. 

High speed motion pictures of various welding pro“ 
esses, by E. Vom Steeg, General Electric Compa), 
W. E. Crawford and Walter Richter, A. 0. Smith 
Corporation. 
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Monday, October 19th (Continued) 
Evening 
6:30 P.M. Parlor—Dinner and Meeting Board of Di- 
rectors. 


Review of Society Activities, appointment of commit- 
tees and officers, new business. 


Tuesday, October 20th 


Morning 
9:45 A.M. Ball Room—tTechnical Session. 


H. M. Boylston, Chairman, Case School of Applied 
Science. 

E. R. Fish, Vice-Chairman, The Hartford Steam 
Boiler Inspection & Insurance Company. 

FUNDAMENTAL RESEARCH IN WELDING 

“Heating by the Proximity Effect,’’ by Edward 
Bennett, The University of Wisconsin. 

“The Welding of Copper,’’ by A. P. Young, Michi- 
gan College of Mining and Technology. 

“Non-Destructive Testing of Welds,” by W. B. 
Kouwenhoven, The Johns Hopkins University. 

“Impact Tests of Welds at Low Temperatures,” by 
Otto Henry, Brooklyn Polytechnic Institute. 


Afternoon 


2:00 P.M. Ball Room—tTechnical Session. 

H. W. Gillett, Chairman, Battelle Memorial Institute. 

R. E. Kinkead, Vice-Chairman, Consulting Engineer. 

FUNDAMENTAL RESEARCH IN WELDING 

“X-Ray Methods for Studying Stress Relief,’ by 
John T. Norton, Massachusetts Institute of Tech- 
nology. 

“Welded Beam-Column Connections,’ by Inge 
Lyse, Fritz Engineering Laboratory, Lehigh Uni- 
versity. 

“Circuit Characteristics and Arc Stability,”’ by S. C. 
Osborne, Wilson Welder and Metals Co., Inc. 

“Welded Structural Brackets,’ by C. D. Jensen, 
Lehigh University. 


Evening 
7:30 P.M. Conference and Meeting of Fundamental 
Research Committee, Bureau of Welding Research 
and Engineering Foundation. 
q H. M. Hobart, Chairman, General Electric Company. 
This conference is scheduled for university research 
workers in the fundamentals of welding. 


Wednesday, October 21st 


Morning 


9:45 A.M. Ball Room—Technical Session. 
A. F. Davis, Chairman, The Lincoln Electric Com- 
pany. 
“—_ McCune, Vice-Chairman, Magnaflux Corpora- 
ion. 
“Brazing with Silver Solders,”’ by Robert H. Leach, 
_ Handy & Harman. 
Importance of Design Control for Welded Piping 
Systems,” by T. W. Greene, Linde Air Products 
Company. 
Principles of Surfacing by Welding,” by E. W. P. 
b Smith, The Lincoln Electric Company. 
Technique for Resistance Welding Ferrous and Non- 


Ferrous Sheet Metals,”’ by E. I. Larsen, P. R. 
Mallory Co. 
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Afternoon 


2:00 P.M. Ball Room—tTechnical Session. 

Hugh H. Dyar, Chairman, The Linde Air Products 
Company. 

J. B. Tinnon, Vice-Chairman, Metal and Thermit 
Corporation. 

“Procedures for Control of Welding Parts,’’ by G. H. 
Moore, Jr., Newport News Shipbuilding and Dry 
Dock Company. 

“Welding Copper and Its Alloys—A Review of the 
Literature,” by Ira T. Hook, American Brass 
Company. 

“Resistance Welding of Dissimilar Metals,” 
T. Gillette, General Electric Co. 

“Thermit Welding,’ by J. H. Deppeler, Metal & 
Thermit Corporation. 

“The Exploration of the Modern Metallic Arc,’ by 
L. J. Larson, A. O. Smith Corporation. 


by R. 


Thursday, October 22nd 


Morning 
9:45 A.M. Joint Session American Welding Society 

with American Society of Mechanical Engineers. 

C. W. Obert, Chairman, Union Carbide & Carbon 
Research Labs., Inc. 

Milton Male, Vice-Chairman, United States Steel 
Corporation. 

“Stress Analysis,’’ by C. H. Jennings, Westinghouse 
Elec. & Mfg. Co. 

“Alloy Steels and Their Weldability,’’ by A. B. Kin- 
zel, Union Carbide and Carbon Research Labs. 


Afternoon 


2:00 P.M. Joint Session American Welding Society 
with American Society of Mechanical Engineers. 
H. F. Henriques, Chairman, Air Reduction Sales 
Company. 

S. M. Weckstein, 
Bearing Company. 

“Welding Heavy Machinery and Equipment,’’ by C. 
A. Wills and F. L. Lindemuth, Wm. B. Pollock 
Company. 

“Steel Plate Construction.”’ 

“Using Steel Plates for Machine Frames.” 


Vice-Chairman, Timken Roller 


Evening 
7:00 P.M. Dinner dance with entertainment. 


Friday, October 23rd 


Morning 
American Society of Mechanical Engineers 
(AMERICAN WELDING Society members invited) 
Weldability of Non-Ferrous Metals: 
Copper, Brass and Bronze, Monel Metal, Alumi- 
num. 


Afternoon 
American Society of Mechanical Engineers 
(AMERICAN WELDING SOCIETY members invited) 
Review of Welding Developments as they affect 
Mechanical Design. 
Welding of Light Machines and Products. 
Principles Involved in Selecting Casting vs. Welding. 


Metal Congress Exposition, Public Auditorium, Cleveland, October 19 to 24, 1936. 
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Summary* of Replies Received to 
Questionnaire of Meetings and 
Papers Committee up to June 1st 


Fields of Interest 


Maintenance and Repair 242 
Construction 338 
Production 306 
Research 341 
Type of Papers 
Apparatus 172 
Design Methods and Data 369 
Techniques, Procedures 339 
Economics 175 
Test Results 248 
Metallurgy 296 
Filler Metal 185 
Theory 205 
Specification and Codes 251 
Inspection, Training 260 
Acceptance Requirements 142 
Safety 151 
News and Pictorial Reviews 147 
Metals 
Low Carbon Steel 401 
Alloy Steel 399 
High Carbon Steel 230 
Cast Iron 169 
Cast Steel 197 
Non-Ferrous Metals 258 
Welding Processes 
Are 537 
Gas 260 
Resistance 199 
Thermit 80 
Cutting 236 
Application 

Aircraft and Automotive 134 
Shipbuilding and Repair 190 
Railroad and Railway 183 
Pipe Lines and Piping 260 
Pressure Vessels 310 
Welding Shop & Maintenance 

Problems 249 
Tanks 259 
Structural Steel & Bridges 284 
Light Gage Production Work 177 
Machinery 199 
Hard Facing and Surfacing 196 
Steel Mills 114 
Metal Spraying 144 
Low Temperature Brazing 116 
Bronze Welding 153 


_ ™ Major interest counted as two votes, minor 
interest one vote. 


Welding Research 


Beginning with this issue there is pub- 
lished a supplement devoted to the activi- 
ties of the Engineering Foundation Weld- 
ing Research Committee. This is a newly 
organized committee enjoying the joint 
sponsorship of the AMERICAN WELDING 
Society and the American Institute of 
Electrical Engineers. 

The project aims to establish a coordi- 
nated, comprehensive program of welding 
research and members of the AMERICAN 
WELDING Socrety are urged to carefully 
read the statements contained in the first 
two pages of this supplement. It was 
launched by special grants from Engineer- 
ing Foundation and now industry has 
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indicated a willingness to take hold and 
get in back of the movement. 

Through the courtesy of Engineering 
Foundation arrangements have been made 
to give members of the AMERICAN WELD- 
ING Socrety the benefits of the results of 
this research work through the inclusion 
of this bulletin as a supplement to the 
JOURNAL. 

Members of the Society connected with 
companies that are doing research work 
are particularly urged to study the setup 
proposed by the Subcommittee on In- 
dustrial Research headed by Col. G. F. 
Jenks, Commanding Officer of the Water- 
town Arsenal. 

As indicated in these pages, leaders of 
industry have pledged their cooperation 
and financial support. Other companies 
wishing to participate in this movement 
should communicate with Professor C. A. 
Adams, Chairman of the Committee, 29 
West 39th Street, New York. 

There are, undoubtedly, many funda- 
mental and applied researches conducted 
by individual companies which could be 
conducted either on a cooperative basis 
or the results given out freely for the bene- 
fit of all concerned. 


Bridge Welding Specifications 


Reprinted from editorial May 21, 1936 
issue “Engineering News-Record.” 


The first step in remedying a situation 
which has steadily become more confused 
has been taken by the AMERICAN WELDING 
Society in publishing a specification for 
welding highway and railway bridges. 
Heretofore, any one wishing to use weld- 
ing for joints in dynamically loaded struc- 
tures has been at a great disadvantage, 
lacking both base and beacon for his rea- 
soning. The new specification thus will fill 
areal need. Prepared by an able and rep- 
resentative committee it expresses the best 
available judgment on both design and 
welding procedure. It is based on all the 
relevant research results that could be 
obtained from foreign countries as well as 
the United States. The new specification 
is offered as a stop-gap and a guide until 
more intensive and integrated research 
can be inaugurated. Its most important 
contribution lies in the recommendations 
made with respect to unit stresses and re- 
quired areas for joints subjected to pul- 
sating and reversed stresses; formulas are 
presented as part of the specifications and 
an appendix develops the subject in more 
detail. 


New Bridge Committee Appointment 


At the meeting of the Executive Com- 
mittee of the AMERICAN WELDING Society 
held on May 19th a new Bridge Commit- 
tee was appointed to consider revisions 
and interpretation of the recently issued 
Bridge Specification. The following mem- 
bers were appointed on the Committee: 


P. G. Lang, Chairman; Baltimore and 
Ohio R. R. Co. 

W. Spraragen, Secretary; 
WELDING SocIety 

A. W. Carpenter, New York Central R. R. 


AMERICAN 


June 


G. D. Fish, Consulting Engineer 

F. H. Frankland, American Institute 
Steel Construction 

A. L. Gemeny, Bureau of Public Roads 

LaMotte Grover, State Highway Com. 
mission of Kansas 

O. L. Grover, Bureau of Public Roads 

O. E. Hovey, Consulting Engineer 

Jonathan Jones, Bethlehem Steel Corpo. 
ration 

L. S. Moisseiff, Consulting Engineer 

N. W. Morgan, Bureau of Public Roads 

H. H. Moss, The Linde Air Products 
Company 

Andrew Vogel, General Electric Company 

J. L. Vogel, Delaware, Lackawanna & 
Western R. R. 

A. R. Wilson, The Pennsylvania Railroad 


of 


Meeting American Society of Heat- 
ing and Ventilating Engineers 


The Semi-Annual Meeting of this So- 
ciety will be held in Buck Hill Falls, Pa. 
June 22 to 24, 1936. Members of the 
AMERICAN WELDING Society are cordially 
invited to attend. Copy of the program 
may be obtained from A. V. Hutchinson, 
Secretary, American Society of Heating 
and Ventilating Engineers, 51 Madison 
Avenue, New York. 


International Association for Bridge 
and Structural Engineering 


The Second Congress will be held in 
Berlin, October 1-8, 1936. It will be off- 
cially opened by a ceremonial meeting in 
the Reichstag Assembly Hall at the Kroll 
Opera. 

Among the papers to be presented are 
the following: 


“Practical Questions in Connection 
with Welded Steel Structures,” by 
Dr. Ing. Schaper, Reichsbahndirek- 
tor, Berlin. 

“Theory and Research Work on Details 
of Steel Structures of Welded and 
Riveted Construction,’”’ by L. Cam- 
bournac, Ing. en Chef, Conseiller 
technique de 1’A. I. P. C., Paris. 


Filler Metal Specifications 


The AMERICAN WELDING SocreTy has 
just issued a revised copy of Bulletin ° 
with numerous minor changes in the filler 
metal specifications up to date. The 
Specifications also include the additiona! 
specification E15GP and G15 recom 
mended by the Committee on Highway 
and Railway Bridges. Copies are on sale 
at 25¢ each. 


Sustaining Members 


An active drive to secure Sustaiming 
Members is being made by the Member 
ship Committee under the direction ol 
Mr. A. F. Davis of The Lincoln Electr 
Company. 

Mr. Davis believes there is 2 lar& 
number of companies that derive ©o* 
siderable benefit from the welding indus- 
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try that should be Sustaining Members. 
He cites examples as the steel companies, 
welding companies, shipbuilding com- 
panies, and almost every type of industry 
connected with iron and steel. Mr. 
Davis would like the names of prospective 
companies which should have Sustaining 
membership in the AMERICAN WELDING 
Society. This drive is particularly ap- 
propriate at this time as the AMERICAN 
Wetpinc Socrety plans to issue its new 
Year Book in August. This Year Book 
includes, among other things, a 75 word 
description of the sustaining companies 
of the A. W. S. and their products. 


Year Book 


Every member of the Society has re- 
ceived a blank card to be filled in showing 
up to date connections and address to be 
included in the Year Book which will be 
issued in August. The officers of the 
Society respectfully request that members 
should return their cards as soon as pos- 
sible and, in any event, not later than 
July Ist. 

At the present time this represents a 
good opportunity for subscribers to the 
JovrnaL and others interested to have 
their names listed in the Year Book as a 
member by promptly joining the Society. 
Several grades of membership are avail- 
able as follows: 

Sustaining Members—Individuals dele- 
gated by corporations wishing to support 
the work of the Society with full rights of 
membership. 


Annual dues..... $100.00 


Members—Engineers or individuals 23 
years of age with three years’ experience in 
welding. 


Annual dues..... $ 15.00 


Associate Members, with right to vote 
but not to hold office, except in Sections. 
Supervising welders, inspectors, skilled 
operators with three or more years’ ex- 
perience, and others interested. 


$ 10.00 


Operating Members, who are welders or 
cutters by occupation, without the right 
to vote or hold office except in Sections. 


Annual dues 


Annual dues, 
United States and 


Other countries... $ 10.00 
MEMBERSHIP INCLUDES JOURNAL 


EMPLOYMENT 
SERVICE BULLETIN 


SERVICES AVAILABLE 


A-230. Electric Welder. Six years’ ex- 
Perience on tank work, pipe lines and 


shipyards. 
F A-231, Electric Welder with fourteen 
oy experience on pipe lines, tanks, 


llers, steel construction, repair work, 
“aimless steel and monel metal. 
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SECTION ACTIVITIES 


BOSTON 


The regular meetings for the season have 
ended, and credit is due the Meetings and 
Papers Committee for having arranged 
such an interesting and worth while 
schedule of subjects and speakers for the 
members of this Section. A summary of 
the meetings held during the 1935-36 
season follows: 


October 18—-Mr. W. L. Warner of the 
Watertown Arsenal spoke on ‘‘The Effect 
of Stress-Relieving.”’ 

November 22—Plant visitation at the 
Readville Shops of the New York, New 
Haven and Hartford Railroad. Mr. W. J. 
O’Neil spoke on the subject of ‘Railroad 
Welding Problems.”’ 

December 20—Mr. C. H. Jennings of 
the Westinghouse Research Laboratories, 
East Pittsburgh, Pa., spoke on ‘‘Welding 
Problems on Large Structures.”’ 

January 17—Dr. J. C. Hodge, Chief 
Metallurgist, The Babcock and Wilcox 
Co., Barberton, Ohio, discussed ‘‘The 
Fundamentals of Good Welding.” 

February 28—Mr. J. H. Critchett, Vice- 
President, Union Carbon and Carbide 
Research Laboratories, spoke on ‘‘The 
Réle of Heat and Temperature in Weld- 
ing.” 

March 20—Prof. A. V. de Forest dis- 
cussed ‘‘Fatigue and Stress Raisers in 
Full Size Parts.”’ 

April 17—Plant visitation, dinner and 
meeting was held at the Fore River Yard 
of the Bethlehem Shipbuilding Corp., 
Quincy, Massachusetts. At the meeting, 
Mr. E. B. Debes, Welding Engineer, 
spoke on “Welding and Shipbuilding”’ 
and Mr. Paul Fifield, Metallurgist, spoke 
on ‘Metallurgical Problems in Ship- 
building.”’ 


Unless otherwise noted, the meetings 
were held at the Massachusetts Institute 
of Technology. 


CHICAGO 


The May meeting was held on the 22nd 
at the Mission Hall, Armour Institute of 
Technology. First on the program was a 
lecture course by Mr. Jules Muller of the 
Chicago Steel and Wire Company, on 
“Metallurgy as Applied to Welding.”’ 
The speakers of the evening were Mr. 
E. R. Fish, Chief Engineer, Boiler Di- 
vision, The Hartford Steam Boiler In- 
spection and Insurance Company, who 
spoke on “Determining the Qualities of 
Fusion Welded Joints’; Mr. C. E. Plum- 
mer of the Robert W. Hunt Company, 
spoke on “The Importance of Reliable 
Weld Testing’; and Mr. E. B. McGuire, 
General Manager, Hamler Boiler and 
Tank Company, who spoke on “Effects 
of Codes and Regulations.” 


CLEVELAND 


The following officers were elected for 
the Cleveland Section for the ensuing year: 

Chairman: R. P. Tarbell, Welding 
Engineer of The Imperial Electric Co. 

Vice-Chairman: Wm. G. Wehr, Gen. 
Supt., The Cleveland Crane & Engineer- 
ing Co. 


Secretary and Treasurer: E. T. Scott, 
President, The Cleveland School of 
Welding, Inc. 

Representing Section on Board of 
Directors—R. P. Tarbell. 


NEW YORK 


The 16th Annual Meeting and Smoker 
of ‘the New York Section was held on 
May 26th. 

The following officers were elected for 
the coming season: 


Chairman: C. W. Bryan, Jr., Federal 
Shipbuilding & Dry Dock Co. 

Ist Vice-Chairman: R. W. Boggs, 
Linde Air Products Co. 

2nd Vice-Chairman: J. L. Edwards, 
H. G. Balcom & Associates. 

Secretary-Treasurer: 
Sound Welding Company. 

For Executive Committee (Term 3 years): 
G. D. Fish, Consulting Engineer; R. K. 
Hopkins, M. W. Kellogg Company; 
Milton Male, U. S. Steel Corporation; 
J. B. Tinnon, Metal & Thermit Corpora- 
tion. 

For Executive Committee (Term 2 years): 
W. Londsdale, Foster-Wheeler Company. 

For Executive Committee (Term 1 year): 
Elmer Tangerman, McGraw-Hill Pub- 
lishing Co. 

Representative on National Board of 
Directors: H.H. Moss, Linde Air Prod- 
ucts Company. 

The installation of officers was followed 
by the presentation of two films. The first, 
“High Speed Motion Pictures of the Elec- 
tric Arc,’”’ was made and shown by the 
General Electric Company. This film was 
taken at exposures up to 2000 per second. 
The film showed both direct current and 
alternating current used in the arc with 
bare and heavily coated electrodes, as 
well as the atomic hydrogen arc. The 
second film, “‘Heavy Machine Cutting 
with the Oxyacetylene Process,’’ was 
presented by the Linde Air Products 
Company. This film dealt with loco- 
motive shop fabrication. Discussion 
followed. 

Beer, pretzels, cigars and cigarettes 
were served after the meeting. 


Keogh, 


PHILADELPHIA 


The Inspection Trip to the plant of the 
Edward G. Budd Manufacturing Com- 
pany on May 18th was a huge success. 
About fifty or sixty were present. The 
trip was very interesting and instructive 
and handled in a most efficient manner. 

The next regular meeting of the Section 
will be in September. 


SAN FRANCISCO 
The following officers were elected: 


Chairman: E.L. Mathy, Victor Equip- 
ment Company. 

Assistant Chairman: N. F. Ward, 
University of California. 

Secretary-Treasurer: J. G. Bollinger, 
Air Reduction Sales Co. 

Executive Committee: C. S. 
Linde Air Products Co. 


Smith, 
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During the welding process, conditions 
within the arc are continually changing. 
The degree to which the welding gen- 
erator “keeps up” with these changes 
affects, to a large extent, the ease of 
handling the arc and hence the speed 
of welding in order to secure welds of 


the highest quality. 


EXCITER IS ELECTRICALLY 
INDEPENDENT OF MAIN GENERATOR 


In a “Shield-Arc’’ welder this response 
is immediate because its excitation is 
supplied by a generator that is elec- 
trically independent of the main gener- 
ator. This independent excitation is 
constantly “on the go,” always full- 
force... ready to snap on the current 
“brakes” or snap on the “accelerator.” 
As a result, at all heat and penetration 
values, the arc is steadier; and metal 
splatter and gas inclusions are minimized. 


THE ONLY 


THE WELDING JOURNAL 


OR 3-IN. SLAB... 
WANT SPEEDY 


ACTION OF 


“You can weld overhead, out in the wind, in crowded quarters, with extremely 
light or heavy penetration faster with a ‘Shield-Arc’ than any other welder. 
Just another claim? Not on your life! Examine the records... or study the 
technical facts. This ‘out in front’ performance is the result of 


INDEPENDENT EXCITATION 


“It acts like an electrical flywheel. Always going full tilt, it gives the welding 
generator a constant source of magnetic flux. And so equipped, the generator 
turns out a steadier current... enabling the operator to get denser welds, 
faster, under all conditions. 


“Here are other advantages of independent excitation ...‘extras’ given ‘“Shield-Ar¢ 
users: 1. It prevents inadvertent polarity reversals. The elimination of this 
nuisance banishes many interruptions and helps give you more consistant 
results. 2. It makes available auxiliary power. 3. It cuts the upkeep cost of 
the welder, for there are only two small brushes for exciting purposes. Insist 
on independent excitation. It pays every time you use your welder! 


“Ask for 26 more reasons why a ‘Shield-Arc’ welder quickens welding, lowers 
its cost and broadens its use! Call in the Lincoln man 
nearby or just mail the coupon.” THE LINCOLN 
ELECTRIC Co., Dept. DD-261, Cleveland, Ohio. Largest 
Manufacturers of Arc Welding Equipment in the World. 


WELDEF 


Our Advertisers Are Supporting the Society 
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